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MIXING TOLERANCE OF FLOURS 
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temperature controlled case 
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PEOPLE DO NOT EAT WHEAT BERRIES. 
Although nature has provided ripe 
wheat with many vitamins and other 
important nutrients, mankind de- 
mands products baked from flour 
that has been highly milled and of 
fine properties. Fortunately the vital 
health-giving factors thus lost can 
now be restored by the simple proc- 
ess of enrichment. This great public 
benefit is endorsed by physicians 
and nutritionists everywhere. Millers 
and bakers have a right to be proud 
that they too Keep Faith With 
Nature through vitamin enrichment. 


An Outstanding Nutritional Accomplishment 


Bread, with Nature's vitamin and mineral 
values restored through enrichment, plays 
a huge part in the nation’s diet. 


‘ROCHE’ } 
VITAMIN DIVISION » HOFFMANN-LA ROCHE INC.- NUTLEY 10, NEW JERSEY i" 


It’s a Struggle 


for the flour user to describe to the flour miller the characteristics 


of the flour he would like to have. 


It’s a similar struggle for the flour miller to describe to the flour 


user the characteristics of the flour he has. 


Some thirty years ago it was hoped that the protein figure would 
give the quality of a flour. No question that the protein figure 
was an important step forward in the formation of a “‘language”’ 
by which to describe flour. Unfortunately, the protein figure 


gives protein quantity only but not quality. 


Protein or gluten quality is today determined mechanically in 
the FARINOGRAPH and can be described either by a curve, 


or a number, or a set of numbers. Such description of flour 


quality augments the protein figure and thus materially im- 


proves the “language” for wheat and flour characteristics. 


You can have a 
FARINOGRAPH 
at a nominal sum 
per month. 


Write us for details. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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DEPENDABLE FUMIGANTS 


Dow fumigants have- been thoroughly tested and 
proved in actual use over a period of many years. 
They are the result of years of research and experi- 
mentation in Dow laboratories. As an indication 
of our continuous research and service, we now 
offer Dow Methyl Bromide with Chloropicrin added, 
on request. 


DOW METHYL BROMIDE—Because of its penetrating power—vunsurpassed by any 
comparable fumigant—Dow Methyl Bromide reaches the centers of 140-pound 
bags of grain or flour, stacked in large piles. It quickly accomplishes a complete 
kill of rodents and insects in all stages of development and, because it vents 
rapidly, shut-down time is reduced. Chloropicrin added, on request, adds to the 
advantageous features of Dow Methyl Bromide an unmistakable warning odor 
and “tear gas” effect. 


DOWFUME EB-15—A local mill machinery or spot fumigant containing Ethylene 
Dibromide 15%. Used as a supplementary pest control measure between 
general space fumigations with Dow Methyl Bromide. Highly toxic to all types 
of stored product pests. 


DOWFUME EB-5—An improved grain fumigant containing Ethylene Dibromide 
5% for use in farm or large elevator bins. Penetrates all levels of the storage 
and controls pests in surface layers of grain as well. 


DOWFUME 75—A mixture of Ethylene Dichloride 75% and Carbon Tetrachloride 
25% which is widely used as an all-purpose bulk grain and spot fumigant. 


DOWKLOR, powerful new Dow Chlordane insecticide, “teams up” 
with Dow Methyl Bromide as a safeguard against reinfestation. Lethal 
to most types of crawling insects, DOWKLOR kills three ways: as a 
stomach poison, as a contact poison, and as a fumigant vapor. Formula- 
tions: DOWKLOR-20%-Oil Concentrate, DOWKLOR-40%-Emulsifiable, 
DOWKLOR-40%-Wettable, and DOWKLOR-5%-Dust. 


Your inquiries are invited. 


Dow 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 
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LINDBERG LABORATORY BOX FURNACES 


@ Economy of Operation 


Long Element and 
Furnace Life 


Accurate 
Heating Control 


The Lindberg Box Furnace is assembled as a complete, 
self-contained unit. The heavy guage, one piece, nickel- 
chromium heating element (#1 gauge) operating on low 
secondary voltage creates furnace temperatures up to 
2000°F. continuously, with maximum element life. 


Choice of Automatic or Manual Pyrometer is available 
(automatic Lab Type 291; illustrated, and Manual Type 
P2L2). 


rmanaong voltage transformer completely housed within 
furnace shell. 


Unique door operating mechanism for easy handling. 


The furnaces are manufactured in two sizes to handle 
your particular application. Both sizes are available in 

stock: 
Type B-2, with 291 Lab-Type Pyrometer...... $445.00 
with “P2L2’’ Manual Pyrometer. . .$340.00 


Type B-6, with 291 Lab-Type Pyrometer ..... $530.00 
_ with “P2L2” Manual Pyrometer. . . $425.00 


A. J. GRINER COMPANY 


Laboratory Apparatus - Chemicals 
1827 McGEE ST. KANSAS CITY 8, MO. 
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HOW TO SEPARATE 
A CAT FROM A MOUSE 


@ It’s a simple matter of screen- 
ing . . . a useful trick for a mouse 
to know. In fact, screening is a 
useful trick in any trade. Even 
in the salt business! 


You see, we’ve got to fit the salt to 
the job. Butter-makers don’t want 
large, slow-dissolving crystals in 
Butter Salt. Weremove “big ones” 
so completely, you won’t find even 
a trace on a 28-mesh Tylor screen. 
But they don’t want fine dust, 
either, to cause pasting in the 
churn. Diamond Crystal Butter 
Salt contains only 3% of particles 
small enough to pass through a 
65-mesh screen! 

Yes, it’s as vital to the butter- 
maker that we remove over-sized 
and under-sized salt crystals .. . 
as it is to the mouse to screen out 
that cat. (Well, almost as vital!) 


Happily for the mouse, he got re- 
sults. And so do we at Diamond 
Crystal. That’s why you can al- 
ways be sure of clean screening 
whenever you specify Diamond 
Crystal Salt. Take your choice of 
grade or grain size—it’s tops by 
actual tests! 


WANT FREE INFORMATION 
ON SALT? WRITE US! 


If you have a salt problem, let 
our Technical Director help! Just 
drop him a line in care of Diamond 
Crystal Salt, Department M-11, 
St. Clair, Michigan. 
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DOUBLE ASSURANCE 
of Clean Grain 


and Highest Quality 
Products ... 


The “ENTOLETER?” Scourer-Aspirator is the latest 
improvement in mill equipment for dry cleaning 
grain. 


This equipment cleans grain in addition to the normal 
“ENTOLETER?” function of destroying all forms of 
insect life. It eliminates insect fragments, rodent 
excreta and other contamination. After the grain 
passes through the “ENTOLETER” Insect De- 
stroyer, it is thoroughly scoured in a whirling “tor- 
nado” action, and receives uniform aspiration at the 
most vital point. 


While the light debris is in a state of suspension, dis- 
lodged from the grain, it is caught by suction and car- 
ried into the dust collector and on to feed. 


Write for test data indicating the effectiveness of this 
equipment in actual mill operation. ENTOLETER 
DIVISION, The Safety Car Heating and Lighting 
Co., Inc., 1153 Dixwell Ave., New Haven 4, Conn. 


CENTRIFUGAL MACHINES 


CONTINUOUS INSECT CONTROL SYSTEM 


REG Pat OFe 


that all ingredients should be pure and uniform, to avoid 

. Bakers who look to National as their source of yeast 
and other supplies enjoy the satisfaction of a partnership 
that is responsive to their needs and shares with them the 
responsibility thet these critical times impose. 


PRODUCTS: 


COMPRESSED YEAST « ACTIVE 
DRY YEAST YEAST FOOD + 
ENRICHMENT TABLETS « MALT 
SYRUP FROZEN EGGS BAKING 
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MADE FOR EXACTING USES 


COVO Shortenings are all-vegetable, all-hydrogenated, always 
uniform, always dependable. All are made to specifications for 
exacting uses. There is one best suited to your particular needs. 


Covo Covo “S.s.” 


—the outstanding all-purpose —the special shortening for 
shortening for fine cakes and prepared mixes—for biscuit 
icings, cookies and piecrust. and cracker manufacture, and 
Specially refined for heat en- for all other products requiring 
durance in frying. extra stability for long shelf life. 


Covo Super-Mix 


—the modern emulsifier type shortening that holds extra ) 


liquids, giving exceptionally fine eating quality and ex- 
tended freshness to all cakes, icings, sweet yeast doughs. 


Covo 


LEVER BROTHERS COMPANY - General Offices: Cambridge 39, Mass. 


WANTED.... 
back issues of Cereal Chemistry 


In order to balance our stocks, we are prepared to pur- 
chase the following back issues of Cereal Chemistry: 


Vol. 1, No. 2 Vol. 14, No. 1 
Vol. 5, No. 1, 2 Vol. 15, No. 4 
Vol. 10, No. 1 Vol. 17, No. 1 
Vol. 11, No. 1 Vol. 24, No. 1, 2 


Copies must be in good condition—purchase price $1.25 
per issue. Please forward your spare copies to: 


R. A. Bottomley, Managing Editor 
CEREAL CHEMISTRY 
University Farm 
St. Paul 1, Minnesota 
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Speedy filtration 
precisely controlled 


For all-around filtration, gas washing and 
gas absorption, PYREX brand Fritted 
Glassware gives you many special ad- 
vantages. 
These features are important to you— 
1. Five different porosities, accurately 
controlled, permit the handling of 
very coarse to ultra-fine materials. 
2. Maximum flexibility is afforded by a 
wide variety of standard shapes and 
sizes. 


3. All fritted discs are made of PYREX 


Stocked by 


brand glass No. 774 for high chemi- 
cal and thermal resistance. 

4. Product contamination or lint de- 
posit is eliminated as no paper or 
asbestos is required. 

5. Condition of filter can be observed 
readily above and below discs. 

6. Discs are easily cleaned chemically 
for reuse. 

Specify PYREX Fritted Ware for more 
accurate analyses and long service life. 
Your laboratory dealer stocks PYREX 
Fritted Glassware for you. 


JUST OFF THE PRESS! Send for new 
PYREX Fritted Ware Bulletin, No. B-80. 


CORNING GLASS WORKS e CORNING, N. Y. 


Leading Laboratory Supply Howes LABORATORY GLASSWARE 


TECHNICAL PRODUCTS DIVISION: LABORATORY GLASSWARE + GAUGE GLASSES + GLASS PIPE 
LIGHTINGWARE + SIGNALWARE + OPTICAL GLASS + GLASS COMPONENTS 
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You CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 


exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SW EETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . CINCINNATI, OHIO 


THESE ALL-VEGETABLE HYDRO- 
GENATED SHORTENINGS .. 


Now Available for 
BARLEY DIASTATIC POWER DETERMINATION 


Specially Purified, 
PX-10—WALLERSTEIN 


This standardized proteolytic enzyme preparation (papainase 
type) is ideally suited for use in the determination of total 
potential Lintner value of barley as a prediction of the 
diastatic power to be expected from the resulting malt. 


Other Wallerstein Enzymes for analytical and scientific 
use: — BETA AMYLASE for determination of Alpha 
Amylase in Malt. INVERTASE (SCALES) for Sucrose 
determinations. MYLASE P for Thiamine and 
other vitamin assays. 


WALLERSTEIN LABORATORIES 


180 Madison Avenue, New York 16, N. Y. 


SPECIAL REPRINTS AVAILABLE 


(1) “On Writing Scientific Papers for 
Cereal Chemistry” 
by 
J. A. Anderson and M. W. Thistle 


Price—25 cents a copy 


(2) “Notes on Reviewing” 
by 
J. A. Anderson 


Price—15 cents a copy 


Reprinted from Transactions, Vol. VI, No. 1, January, 1948 
Order from: 
CEREAL CHEMISTRY 
University Farm 
St. Paul 1, Minnesota 
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Harvest 1s Comince 


Is your “KJELDAHL” ready ? 


Check list for REPLACEMENT PARTS 


ELtecrric HeEaters—Dig.? Dist. ? 
“GotpFiscH” Heater Tops AND BASES 

Core PLATES 

TERMINALS 

ELEMENT Wires—Volts? Watts? 
**Lasconco”’ Gas Burners—Type gas? 

Gas Burner Houstnes—Dig.? Dist. ? 

Pyrex Giass CONDENSER TUBES 

Brock Tin ConpDENSER TUBES 


Laboratory Construction Company 
1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 
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A COMPARATIVE STUDY OF SOME PROTEIN 
FRACTIONS OF WHEAT FLOUR! 


W. Dersy Laws? and W. G. FRANCE # 


ABSTRACT 


An electrophoresis investigation of some protein fractions of flour from 
various wheats was carried out with the idea that it might reveal the pres- 
ence of different protein components in the gluten complex. It proved im- 
practical to study the proteins in either alcoholic buffers or in aqueous 
alkaline buffers with a pH of 10.2. Therefore, attention was turned to the 
electrophoretic study of gluten proteins dissolved in acetic acid and dialyzed 
against citric acid—disodium phosphate buffer, pH 2.15. However, this pro- 
cedure failed to reveal any significant difference in the flour proteins. Elec- 
trophoresis of the water extract of Chiefkan, Early Blackhull, and Comanche 
flours gave similar electrophoretic patterns for all flours. 

Baking tests with flour fortified with wet and dry gluten washed from the 
various flours appear to confirm the results obtained by electrophoresis tech- 
nique, namely, that the glutens from the flours studied are very similar in 
properties. When flour blends were fortified with wet, freshly washed 
gluten, the Chiefkan gluten gave the greatest increase in loaf volume and the 
Comanche the least for a given amount of protein added. 


This work was one phase of an investigation of the factors and 
constituents in wheat which are responsible for quality in flour. 
The general plan of the investigation was to compare the characteristics 
of poor quality flour vs. good quality flour. Chiefkan and Red Chief 
wheats were selected as varieties which generally give poor quality 
flour, Pawnee and Comanche wheats as the varieties which generally 
yield good quality flour, and Early Blackhull and Wichita wheats as 
the varieties which are probably intermediate between the other two 
groups. In order to make the samples comparable they were collected 
in triplicates, one member of each type from a given location, and each 
set of three collected from a different location so that samples were 


1 Manuscript received February 16, 1948. 

Contribution from the Ohio State University Chemistry Department; represents a portion of the 
work carried out under a cooperative program by Pillsbury Mills, Inc., and the Ohio State University 
Research Foundation. 

2 Research Associate, Department of Chemistry and the Ohio State University Research Founda- 
tion. Present address, Texas State Research Foundation, Renner, Texas. 

3 Professor, Department of Chemistry; deceased December 4, 1947. 
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obtained from three widely separated areas. The samples collected, 
the location from which obtained, and the baking quality of each are 
presented in Table I. 

Cereal chemists generally agree that the properties of wheat gluten 
determine flour quality. Consequently, many attempts have been 
made to find measurable differences in the protein fractions which 
could be shown to be responsible for the difference in the quality of the 
flour. An electrophoretic investigation of some protein fractions of 
the flour was undertaken with the idea that it might reveal the presence 
of different protein components in the flour from the three groups of 
wheat being studied. 


TABLE I 
WHEAT SAMPLES STUDIED 
Variety Location Designation Baking quality 

Chiefkan Protection, Kansas Cp Very poor 
Early Blackhull Protection, Kansas Bp Fair 
Comanche Protection, Kansas Hp Fair 
Chiefkan Jetmore, Kansas Cj Very poor 
Early Blackhull Jetmore, Kansas Bj Poor 
Comanche Jetmore, Kansas Hj Poor 

Red Chief Newton, Kansas Rn Very poor 
Wichita Newton, Kansas Wn Fair 
Pawnee Newton, Kansas Pn Poor 
Early Triumph Caldwell, Kansas Ec Good 


The electrophoresis apparatus suitable for the quantitative study 
of proteins by the moving boundary method has been much improved 
and widely used until it has become one of the most powerful tools 
available to biological chemists for the study of protein systems. The 
moving boundary electrophoresis method is applicable to a wide 
variety of high molecular weight substances, both in their native and 
denatured form, and yields information as to the number of electrically 
separable components present in the mixture and the electrical homoge- 
neity, concentration, and mobility of each component. Since this 
method is adapted to the study of a wide variety of proteins and protein 
mixtures in dilute aqueous buffers, it seemed to offer the best means of 
detecting differences in the proteins of good quality and poor quality 
flours despite the lack of suitable neutral solvents for gluten proteins. 

The present investigation was not an attempt to determine the 
definite composition of the gluten proteins from the various flours but 
rather to make a comparative study of the glutens from each flour. 
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Experimental 


No attempt was made to separate the gluten into fractions for this 
study. Instead, either the whole gluten mass or protein extracted 
directly from the flour was used. A Tiselius electrophoresis apparatus 
manufactured by the Klett Manufacturing Company was used for the 
electrophoretic determinations. 

Electrophoretic determinations were made on the protein fractions 
of flour from each series of wheat samples presented in Table I. 

The preliminary determinations were made using alcoholic buffers 
which contained 50% of ethyl alcohol by volume. These buffers were 
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| TIME 


Hy 


Fig. 1. Electrophoresis patterns of alcohol-soluble flour proteins in 50% alcoholic buffers. (Bj 
field anahs 8.0 volts/cm.; Hj (pH 9.0) 9.2 volts/cm.; Hj (pH 7.3) 8.3 wee cm. “I” indicates initial 
boundary. Line equals 1 cm. escending boundary at negative (—) pole.) 
prepared by diluting aqueous buffers prepared after the manner of 
Clark and Lubs with sufficient 95% alcohol to give a solution of desired 
alcoholic concentration. An aqueous buffer of pH 8.0, when thus 
diluted, resulted in a buffer of pH 9.0-9.4, and one of pH 6.0 gave an 
alcoholic buffer of pH 7.3. 

The method of making all the electrophoretic determinations was 
essentially as described in the literature (1) (6). Runs were made at a 
temperature of 2.5°C. As a general rule it required from 10 to 20 
hours at a field strength of about 8.5 volts per cm. to complete a de- 
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termination in alcoholic buffers. Although patterns were obtained 
(Fig. 1) no mobilities were calculated because, in addition to the diffi- 
culty of determining the pH and ionic strength of the buffer in alcoholic 
medium, the long periods of electrophoresis and the enforced study at a 
temperature above that of maximum density of alcohol-water mixtures 
result in a marked increase in boundary disturbances due to thermal 
convection (8).4 
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Rn 


By E.BLACKHULL Gy a Cp CHIEFKAN 
Hp, COMANCHE ; Px, PAWNEE + WN, WICHITA 3 
RN,RED CHIEF. 


Fig. 2. Electrophoresis patterns of gluten proteins from Hard Red Winter wheats. (Boric acid- 
sodium hydroxide buffer pH 10.2. X = field strength, T = time in minutes. For Pn, X = 3.87, 
T = 269; Rn, X = 3.99, T = 258; Wn, X = 3.87, T = 262; Bp, X = 4.06, T = 205; Cp, X = 4.17, 
T = 205; Hp, X = 4.09, T = 214; Cj, X = 3.61, T = 198; Bj, X = 3.51, T = 203. ‘‘I"’ indicates the 
initial boundary. Line equals 1 cm. Descending boundary at negative (—) pole.) 


Since the above procedure was not satisfactory, attention was 
turned to electrophoretic studies in aqueous buffers. Cook and Rose 
(3) (4) have shown that gluten can be almost completely dissolved 


* The above paper was published after our work with alcoholic buffers had been discontinued in 
January, 1947. 
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in 10% sodium salicylate without undergoing hydrolytic changes on 
long standing. Accordingly, a 10% solution of sodium salicylate was 
selected as a solvent. A sodium hydroxide-boric acid buffer with a 
pH 10.2 (original ionic strength; 0.094) prepared after the manner of 
Clark and Lubs was used. The flour samples from the three locations 
were studied and the patterns obtained are presented in Fig. 2. 
Although it is well known that gluten proteins undergo irreversible 
denaturation in alkaline solution, it seemed probable that any marked 


By&Be E.BLACKHULL CjaCr, CHIEFKAN 
Hy@He COMANCHE 


Fig. 3. Electrophoresis patterns of gluten proteins from Hard Red Winter wheats. (Boric acid- 
sodium hydroxide buffer pH 10.2. Ionic strength 0.047. Field strength X time equals 67,500 volt- 
sec./cem. for Cp, Hp, and Bp; 91,560 for Bj; 96,620 for Cj; and 59,320 for Hj. “‘I”’ indicates initial 
boundary. Line equals 1 cm. Descending boundary at negative (—) pole.) 


difference in the protein composition of the gluten from the various 
flours would appear in the electrophoresis patterns as additional com- 
ponents even though the proteins were denatured. Since this investi- 
gation did not try to characterize the various components of the gluten 
proteins but merely attempted to compare the number of electrically 


separable components present in the glutens of good quality and poor 
quality flour, it would seem to matter little whether the protein com- 
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ponents were denatured or not so long as they remained electrically 
separable. (For present purposes it was necessary to assume that 
they do.) 

The ionic strength of the buffer was about twice as high as con- 
sidered necessary for protein solutions of the concentration used, which 
varied from 0.3% to 0.4%. Therefore, a study was made of gluten 
from some of the same samples, using the same buffer with the ionic 
strength reduced to 50% of the original value. The diagrams obtained 
are presented in Fig. 3. 

In both cases the samples were prepared by stirring 7.5 g. of wet, 
freshly washed gluten in 250 ml. of 10% sodium salicylate, in a Waring 
Blendor, for 5 minutes, centrifuging for 10 minutes at a centrifugal 
acceleration 400 times gravity to destroy the foam and remove traces 
of starch, and dialyzing 100 ml. for 48 hours against 2 liters of the 
respective buffers. Dialysis was carried out in the cold room at 2°C. 
The buffer was not changed during dialysis but the protein solution 
was in equilibrium with the buffer in every case as shown by the 
measurement of the specific conductance of each at the beginning of 
the run. Just before placing in the electrophoresis cell the sample was 
again centrifuged for 10 minutes, in the cold room, to remove the ma- 
terial which salted out. 

It should be noted that in all these electrophoretic determinations 
only about 40% of the gluten added remained in suspension after 
dialysis. The data in Table II show the amount for the individual 
samples. 


TABLE II 


PorTION oF ADDED GLUTEN REMAINING IN 
A Soptum 


SUSPENSION AFTER DIALYSIS AGAINST 
Acip Burrer, PH 10.2 


F Fre Frc 
Variety Protection Variety 
% % % 
Chiefkan 45.7 37.2 Red Chief 44.1 
Early Blackhull 42.5 40.5 Wichita 45.6 
Comanche 36.7 35.7 Pawnee 39.0 


Since it was not possible to control the composition of the sample, 
making it necessary to assume that the same protein fraction remained 
in suspension for each sample and on each duplicate run, a study of 
various buffer systems was made and it was found that a citric acid— 
disodium phosphate buffer was more satisfactory because a greater 
portion of the added gluten remained in suspension after dialysis. 
The data in Table III show the portion of gluten in the original acetic 
acid suspension remaining in solution after 48 hours dialysis. 


| | | 
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The procedure used in preparing the sample was as follows: 7.5 g. 
of freshly washed, wet gluten were suspended in 250 ml. of 0.07 N 
acetic acid by stirring for 5 minutes in a Waring Blendor. The sus- 
pension was then centrifuged for 10 minutes at an acceleration 400 
times gravity to remove traces of starch and destroy the foam formed 


TABLE III 


PoRTION OF ADDED GLUTEN REMAINING IN SUSPENSION AFTER DIALYSIS AGAINST 
Citric Acip—-Disop1uM PHOSPHATE BUFFER, PH 2.15 


% Protein % Protein 

Sample for gluten for flour 
Chiefkan (Cj) 88.6 91.2 
Early Blackhull (Bj) 93.7 - 
Comanche (Hj) 96.1 92.0 
Early Triumph (Ec) 93.4 98.3 


DESCENDING “— p~SCENDING 


COMANCHE 


E. BLACKHULL E. TRIUMPH]| CHIEFKAN 


Fig. 4. Electrophoresis patterns of Hard Red Winter wheat protein. Picture No. 1 for protein 
extracted directly from flour and No. 2 for dissolved gluten. (Citric acid-disodium phosphate buffer, 
pH 2.15 and ionic strength 0.03. Field strength XK time = 85,320 volt-sec./cm. for Comanche, 
Chiefkan, and Early Triumph and 66,400 volt-sec./em. for Early Blackhull. “‘I"’ indicates initial 
boundary. Line equals 1 cm. Descending boundary at positive (+) pole.) 
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during stirring. Of the suspension thus obtained 100 ml. were then 
heated to 92°C. and held there for 2 minutes to destroy the proteolytic 
enzymes present. It has been shown that this treatment does not 
denature the protein (7). After heating, the sample was diluted 
sufficiently with buffer to give a solution of 0.26% protein. It (100 ml.) 
was then dialyzed against 2 liters of a citric acid—disodium phosphate 


DESCENDING 7 ASCENDING 


96 MINUTES 
ui 
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x= 
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Fig. 5. Electrophoresis patterns of water-extractable proteins from Hard Red Winter wheat 
flour. (Field strength for Chiefkan 4.21, Comanche 4.24, E. Blackhull (pH 2.15) 4.20, and (pH 9.72) 
4.26 volts/cm. Ionic strength 0.03. ‘‘I’’ indicates initial boundary. Line equals icm. Descending 
boundary at positive (+) pole. For E. Blackhull, pH 9.72, descending boundary at negative ( —) pole. 


buffer of pH 2.15 and an ionic strength of 0.03 in the cold room (2°C.) 
until equilibrium between buffer and sol was reached as shown by 
conductivity measurements (72 hours), and centrifuged again just 
before placing in the electrophoresis cell. The patterns obtained are 
presented in Fig. 4. The top pattern, No. 1, of each pair in Fig. 4 
was made of protein extracted directly from the flour. In this case 
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20 g. of flour were stirred in 250 ml. of 0.07 N acetic acid ; otherwise the 
procedure used in preparing the samples was exactly as described 
above. The time for all runs was such that the product of the field 
strength and the time was a constant, as suggested by Schwert et al. 
(9). The system was tested for electrical leaks at the beginning and 
end of each run. At the conclusion of a run the current was reversed 
and the movement of the components observed 1} hours. Any leak 
in the cell causing backward movement of the boundary would be 
greatly amplified by this procedure and thus readily detected. 

The work of Finney (5) and also observations made in this labora- 
tory indicate that the water-soluble protein may be more important 
to flour quality than has formerly been supposed. Therefore, an 
electrophoresis study was made of distilled water extracts of the flour 
using the critic acid—disodium phosphate buffer described above. 
The patterns obtained are presented in Fig. 5. All flour samples gave 
patterns that are alike and that have the same number of components. 
The Early Blackhull sample was also run at pH 9.72 and gave an 
electrophoresis pattern entirely different from that obtained for the 
same sample at pH 2.15. 


Discussion 


The patterns shown in Fig. 3 are essentially the same for all six 
flour samples studied and there was little similarity between patterns 
of proteins from the same flour sample run at different ionic strength 
(see Fig. 2 and Fig. 3). The higher ionic strength appears to be best 
suited to a study of this type since there is evidence of better compo- 
nent separation in the patterns in Fig. 2 than in Fig. 3. 

There was no essential difference in the patterns obtained from the 
various flour samples when an acidic buffer, pH 2.15, was used. 
The descending and ascending boundaries (Fig. 4) were not sym- 
metrical, indicating component interaction. The patterns for protein 
extracted directly from the flour and for gluten were very nearly 
identical except for the slow-moving component which was much more 
prominent on the patterns made from the protein extracted directly 
from the flour. This was probably due to the presence of part of the 
water-soluble fraction in the suspension, as it was shown that the main 
component from the water-soluble protein has a very low mobility 
also. There would be little water-soluble protein present in the gluten 
suspension because of the method of sample preparation. 

The slow-moving ‘“‘component”’ moved so very little that it could 
easily be taken for the well-known delta and epsilon anomalous bound- 
aries except for the fact that the area under the remainder of the peaks 
(for the patterns of protein extracted directly from flour, No. 1, Fig. 4) 
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only accounts for about 80% of the protein present in the solution, 
and the area of the first peak must be taken into consideration in order 
to account for all the protein present. This is shown clearly in Table 
IV. These data indicate that the first peak in these patterns repre- 
sents a true component. 

TABLE IV 


CONCENTRATION OF THE VARIOUS PROTEIN SOLUTIONS REPORTED IN Fic. 4 


Protein concentration of solutions 
Flour 
sample 
First peak Other peaks Total By Kjeldahl 
% % % % 

Comanche 0.05 0.18 0.23 0.26 
Chiefkan 0.05 0.20 0.25 0.25 
E. Triumph 0.04 0.18 0.22 0.26 
E. Blackhull 0.06 0.16 0.22 0.25 


The electrophoresis patterns of the water-soluble protein of flour 
presented in Fig. 5 show that the patterns for all flours were alike. 
There was one main component of very low mobility (see Table V) 
and two minor components which had a higher mobility than the 


TABLE V 


ELECTROPHORETIC MOBILITIES OF PROTEIN COMPONENTS IN WATER EXTRACTS 
oF Various FLours, PH 2.15 (cM./sEc./VOLTS/CM. X 10°) 


Chiefkan (Cj) Early Blackhull (Bj) Comanche (Hj) 
Ascend. Descend. Ascend. Descend. Ascend. Descend. 
boundary boundary boundary boundary boundary boundary 
0.69 0.67 0.03 0.06 0.01 0.07 
4.06 3.58 3.14 2.97 2.34 2.19 
10.35 10.38 9.84 9.46 9.81 9.42 


major component. The mobilities of the protein components from 
Chiefkan flour were slightly higher than those for the other two sam- 
ples. The outstanding difference was for the main component. 
There was a tendency for the slower moving of the two minor com- 
ponents of the Comanche sample to separate into two peaks; other- 
wise, the patterns for water-soluble protein did not vary from one 
flour sample to another. The patterns for each boundary are sym- 
metrical for all determinations made at pH 2.15. However, when 
Early Blackhull was run at pH 9.72 the boundaries were not sym- 
metrical, indicating a need for a more detailed study of the various 
protein fractions in buffers of several pH’s. 
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Schwert, Putnam, and Briggs (9) give a concise discussion of com- 
ponent interaction in electrophoretic work and point out that at least 
two types of interactions between protein components may be ex- 
pected. When interaction between components occurs the patterns 
are not symmetrical with respect to the number or the relative areas 
under the peaks, and the mobilities of one or more peaks in each bound- 
ary will vary from that characteristic of any component. Certain 
types of interaction may be weakened by increasing the ionic strength 
of the buffer with the results that the patterns become more sym- 
metrical. 

There was little evidence of component interaction in the samples 
run at pH 10.2 and the higher ionic strength, since the patterns shown 
in Fig. 2 were nearly symmetrical in both legs of the cell. When the 
ion strength was reduced, the pattern became less symmetrical 
(Fig. 3), indicating a tendency toward component interaction. 

When the electrophoretic analysis was made in acidic buffers of 
pH 2.15 and an ionic strength of 0.03 there was marked asymmetry in 
the two boundaries, indicating very decided component interaction. 
Since this investigation was a comparative study of the proteins of 
different varieties of wheat, no attempt was made to study the type of 
interaction taking place or to reduce the component interaction by 
changing the ion strength over this pH range. 

The patterns presented in Fig. 4 show that the proteins from all 
flours studied apparently undergo the same type of interactions be- 
cause all ascending boundaries are similar and all descending bound- 
aries are similar. 

Since the electrophoresis investigation failed to detect differences 
in glutens from Chiefkan, Early Blackhull, and Comanche flours, it 
was decided to test the “bread-improving’’ power of each of these 
glutens when added to a common flour. Three flour mixtures were 
prepared to be used as substrata to test the glutens. Mixture No. 1 
contained 9.1% protein, No. 2 contained 11.1% protein, and No. 3 
contained 13.1% protein, all on a 14% moisture basis. 

Two samples of gluten were prepared from each of the Chiefkan, 
Early Blackhull, and Comanche samples from Protection. One was 
prepared by washing the gluten from the flour in 0.15% salt solution, 
drying and grinding to pass a 10XX bolting cloth. The other was 
prepared by purifying the gluten, as suggested by Baker et al. (2), 
before drying and grinding. 

Each mixture was baked with given quantities of the finely ground 
gluten added. When the protein content of the mixture was increased 
0.6% by adding dried gluten flours there was very little difference in 
the response of any mixture to the purified and unpurified glutens. 
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The Chiefkan gluten (Cp) gave the least improvement in the loaf 
volume and the Comanche (Hp) gluten gave the greatest improve- 
ment, although the difference in the two was probably not significant. 

When the protein content of the mixture was increased by ap- 
proximately 1.2% by the addition of dried purified finely ground 
gluten, the response of each mixture to the added gluten was in the 
same order as reported above. However, when the increase of 1.2% 
was made by adding freshly washed, unpurified wet gluten to the mix- 
tures, the Chiefkan gluten produced the greatest response. Further- 
more, the response to wet gluten was significantly higher (above 1% 
level) than the response to dry gluten even though the protein content 
was increased by the same amount in each instance. The results for 
wet and dried gluten are compared in Table VI. 


TABLE VI 


PROTEIN CONTENT (14% MolsturReE) AND LoAF VOLUME OF BREAD 
FROM FLouR MIXTURES WITH ADDED GLUTEN 


Dry gluten Wet gluten 
Sample Gluten 
% Loaf % Loaf 
Protein volume Protein volume 

Mixture 3 None 13.1 453 13.1 453 
Cp 14.5 573 14.2 654 

Bp 14.5 605 14.4 620 

Hp 14.4 587 14.4 634 

Mixture 2 None 11.1 550 11.1 550 
Cp 12.7 609 12.7 615 

Bp 12.4 600 12.6 595 

Hp 12.4 621 12.8 617 

Mixture 1 None 505 505 
Cp 523 641 

Bp 545 623 

Hp 550 615 


In the light of the work reported here, which appears to agree with 
the work of Schwert et al. (9) who found no difference in the electro- 
phoretic pattern of four gliadin samples regardless of the source of 
gliadin or method of preparation, it can be definitely stated that under 
the conditions of this investigation, the electrophoresis technique did 
not detect any significant differences in the proteins of the various 
flour samples. However, it should be emphasized that this does not 
mean it has been definitely established that differences do not exist. 
A more detailed study involving fractionation of the gluten into various 
protein fractions and improved solution techniques and buffer sys- 
tems might detect small, but important, differences which were not 
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shown in the present investigation. However, the limited amount of 
electrophoresis data available on wheat proteins indicates that either 
there is virtually no difference in the composition of the gluten protein 
from poor quality and good quality flour, or the development and 
manipulation of the gluten during the sample preparation alters the 
protein in such a manner as to destroy any existing differences. 

The baking data presented in Table VI appear to support this con- 
clusion and indicate that the state of gluten development may be more 
responsible for flour quality than the chemical or amino acid composi- 
tion of the gluten complex. This would agree completely with the 
electrophoretic work which failed to detect significant differences in 
the proteins from the various flour samples investigated. 
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AIR, WATER VAPOR, AND CARBON DIOXIDE AS 
LEAVENING GASES IN CAKES MADE WITH 
DIFFERENT TYPES OF FATS! 


MaAupDE Hoop? and BELLE LowE 


ABSTRACT 

The relative increase in cake volume over batter volume attributable 
to air, water vapor, and carbon dioxide was investigated. The major in- 
crease in cake volume was produced by carbon dioxide, followed by water 
vapor and air, in the order given. The effectiveness of water vapor in the 
presence of air in leavening cakes varied with the type of fat used, being 
greatest with oil, intermediate with butter, and least with hydrogenated lard. 
Conversely, the effectiveness of carbon dioxide was greatest in the hydro- 
genated lard and least in the oil cake. 

Air-evacuated batters showed very little increase in cake volume, indi- 
cating that the effectiveness of water vapor as a leavening agent depended 
on the presence and distribution of air in the batter. The cakes from the 
air-evacuated batters were considered unpalatable, whereas those leavened 
by air and water vapor and by carbon dioxide, air, and water vapor were 
acceptable. 

Viscosity of the batters was affected by the mobility of the fats used 
and by the incorporation of gas in the batter. It was not always a good 
criterion of cake quality. 


This investigation was undertaken to determine the proportionate 
leavening attributable to air, water vapor, and carbon dioxide in plain 
cake. Three fats were used to study the relationship, if any, existing 
between the type of fat and the leavening power of the three gases. 

Good aeration of cake batter has long been considered of paramount 
importance in the production of light, good-quality cakes. Dunn and 
White (4) have reported that steam cannot materially increase the 
volume of cake during baking unless air pockets are present into which 
the steam may vaporize. They estimated that approximately half of 
the increase in volume of pound cake was due to thermal expansion of 
air. In their calculation, however, the initial quantity of air incorpo- 
rated in the batter was included in the volume from air expansion. 
When air in their cakes was completely exhausted the resulting batter 
was described as a “‘custard-like cream,’ and there was no volume 
increase during baking. They found that the occlusion of a very small 
amount of air in the batter resulted in a definite increase in cake vol- 
ume. Results, when an evacuated batter was remixed to incorpo- 
rate air, showed a reasonably good cake but with decided evidence of 
overmixing. 


1 Manuscript received October 30, 1947. 
? Now at the University of Georgia, Athens, Georgia. 
3 Foods and Nutrition Department, Iowa State College, Ames, lowa. 
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Barmore (1) showed that of the 1,120- to 1,620-ml. increase 
in volume during baking of angel cakes, only 350 ml. could be 
attributed to the expansion of air, the remainder to steam. He postu- 
lated that the water vapor causing the expansion came from the sides 
and bottom of the cake. Hence, the steam that leavened the cake 
must pass through the interior of the cake to escape. 

Carlin (2) observed that very few, if any, new gas cells were formed 
when baking powder was added to the cake formula. The carbon 
dioxide evolved seemed only to enlarge the air cells already present and 
not to form new cells. During baking the fat melted and the air 
spaces moved into the flour-water phase, apparently moving in a defi- 
nite convection pattern until near the end of the baking when the 
movement was described as being ‘‘violent and without direction.” 

It was recognized that changes in type or proportion of ingredients, 
may necessitate changes in the method or extent of combining ingredi- 
ents, to obtain a satisfactory cake. Hence, the method selected for 
combining ingredients was one, which over several years in this labora- 
tory, had produced good quality cakes with the three types of fats 
selected for use in this study. 


Materials and Methods 


An oil,‘ butter, and a hydrogenated lard ° were the fats selected for 
use. The butter was made by the Dairy Industry Department of the 
College from sweet cream. It had about 2.25% salt content with a 
current score of AA. It was used as obtained. A series of cakes (24 
per series) was made with each fat. Each series of cake batters was 
further subdivided into three portions, in which different leavening 
agents were used, i.e., (1) air and water vapor, (2) carbon dioxide, air, 
and water vapor, and (3) water vapor alone. 


The following formula was used: 
Grams per 100 g. 


Ingredients Grams of flour 

Fat 122 43.0 
Salt 3 1.0 
Sugar 150 52.0 
Flour, cake 284 — 
Milk, whole liquid 244 85.0 
Egg-magma meringue: 

Whole liquid egg 96 33.8 
Sugar 150 52.0 


Baking powder (2.75 g./100 g. flour) was used in only one-third 
of the batter from each mix. A sulfate-phosphate type was chosen 
because it released only a small amount of carbon dioxide at room 
temperature. 


* Wesson oil, The Southern Oil Company. 
5 Clix, Cudahy and Company. 
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All ingredients, except the milk and eggs, were incubated at 
26°C. + 1°C. Milk and egg were brought to 25°C. just prior to 
combining the ingredients. The work was conducted in a small 
laboratory in which the temperature was held at 25.3°C. + 2.5°C. 

Method of Combining Ingredients. The fat and salt were creamed 
on speed two of the Kitchen Aid mixer (Model G) for 30 seconds. 
Then 150 g. of sugar were added gradually during a 4-minute period. 
Creaming was continued for 10 minutes. 

Approximately one-sixteenth of the flour was added to the creamed 
mixture with 20 strokes, using a hand balloon whip. About one-fifth 
of the milk was then added with 20 strokes. This procedure was re- 
peated. Next one-half of the remaining flour and milk was added 
with 80 strokes. The remainder of the milk and flour was blended with 
the batter with 90 stirs of the hand whip. 

The whole egg was beaten on speed three for approximately 1.5 
minutes. Then the speed was reduced to two and the sugar added 
gradually while beating was continued for 4.5 minutes. The mixture 
was scraped down from the sides of the bowl, then beaten 30 seconds. 
The egg-magma meringue was folded into the batter with 25 strokes. 

Division of the Batter. At expedient stages of mixing, the batter 
was divided into three portions. One-third of the creamed mixture 
was removed after creaming was completed for the cake to be leavened 
by air, water vapor, and carbon dioxide. To this, one-third of the 
flour (previously sifted with the baking powder), one-third of the milk, 
and one-third of the egg-magma meringue were added. The remaining 
batter was divided into two portions after the flour, milk, and egg had 
been added. The air was removed from one portion of the batter by 
means of a water vacuum pump. Obviously some water was also re- 
moved but the fluidity of the batter indicated that enough water re- 
mained to furnish leavening by water vapor. The third portion of the 
batter was used for the cake leavened by air and water vapor. 

Baking. The cakes were baked in a thermostatically controlled 
gas oven maintained at 185°C. 

Calculations. Data were taken to study the effect of type of fat 
and of leavening gases on certain properties of the batters and cakes, 
and to compute the leavening power of each gas. The specific gravity 
(3) of the batter was computed from the weight of a measured volume 
of batter in milliliters. The linespread of Grawemeyer and Pfund (5) 
was used to determine the consistency of the batters. Cake volumes 
were determined by seed displacement. 
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For air and water vapor leavened cakes: 


Temperature of batter as it goes in oven + 273 
Temperature of cake as it comes from oven + 273 
1 

Specific gravity of batter 

Volume of weighed batter in pan = Specific volume of batter X 
weight of batter 

Total increase in volume of cake = Measured volume of cake — vol- 
ume of batter 

Volume of weighed air-evacuated batter = Specific volume of air- 
evacuated batter X weight of batter 

Volume of air in batter = Volume of batter with air — volume of 
air-evacuated batter 

Volume of heated air = Air factor X volume of air in batter 

Volume increase from air expansion = Volume of heated air — volume 
of air in batter 

% volume increase from air expansion 

_ Increase from air expansion X 100 

os Total increase in volume 


Air factor = 


Specific volume of batter = 


Total increase in cake volume 
_ Total volume increase at end of baking X 100 
joe Volume of weighed batter 

For air, water vapor, and carbon dioxide leavened batters: 


Volume increase from carbon dioxide = Total volume increase of 
cake — total volume increase of air and water vapor leavened cake 


Compute percentages as above. 


Palatability. The cakes were rated for grain (30), tenderness 
(20), texture (smoothness or lack of harshness, 20), and eating quality 
(equivalent to flavor, if flavor is considered as a combination of aroma, 
taste, and tactile sensations, 30). The highest possible score for each 
factor is given in parentheses. 


Results and Discussion 


Appearance. Typical sections from the centers of the oil cakes 
are shown in Fig. 1. The air and water vapor leavened cakes, when 
removed from the oven, had straight sides close against the pan, but 
immediately shrank until the sides pulled away from the pans and were 
slightly concave in contour. The crumb of the cake was velvety, 
tender, moist, and of fine uniform grain, but the top crust did not 
brown. There was a tendency towards compactness and small soggy 
spots in some of the cakes. 
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When baking powder was included in the formula to furnish carbon 
dioxide in addition to air and water vapor for leavening, the cakes 
were lighter, less moist, and evenly browned. The cakes had straighter 
sides than the cakes leavened with air and water vapor. The grain 
was open and loose, sometimes coarse, and the crumb had a tendency 
to be harsh and crumbly. Cakes made with oil showed more evidence 
of harshness and crumbliness than cakes made with the other fats. 


Fig. 1. Cakes containing oil leavened by: (left) carbon dioxide, air, and water vapor; 
(middle) air and water vapor; (right) water vapor (air-evacuated batter). 


The cakes from air-evacuated batters, which were leavened by 
water vapor, had very small volumes, were distorted in shape, and 
evidenced little or no cell structure. The interior appeared more like 
a starch pudding than a cake. 


TABLE I 


MEAN PALATABILITY SCORES OF CAKES: GRAIN, TENDERNESS, TEXTURE, 
EATING Quavity (ARoMA, TAsTE, TACTILE SENSATION), 
AND ToTaL SCORES 


Fat used Grain Tenderness quality 


| Eating | Total 


AIR AND WATER VAPOR LEAVENED CAKES 


Butter 23.4 16.0 17.2 24.4 81.0 
Oil 24.1 16.0 18.1 24.5 82.7 
Hydrogenated lard 21.6 15.9 17.6 22.2 77.4 


CARBON DIOXIDE, AIR, AND WATER VAPOR LEAVENED CAKES 


Butter 24.2 | 


17.6 17.1 24.6 83.5 
Oil 24.6 17.5 6.1 24.4 82.5 
16.9 17.2 24.2 82.3 


Hydrogenated lard 25.0 | 


WATER VAPOR LEAVENED (AIR-EVACUATED) CAKES 


Butter 1.2 3.4 0.9 1.3 6.8 
Oil 0.0 1.5 0.1 0.5 2.1 
Hydrogenated lard | 2.0 be 1.5 1.4 8.7 
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Palatability. Statistical analysis of the palatability scores in- 
dicated no significant differences among the total scores of cakes with 
different fats (Table 1). There was no significant difference between 
the palatability scores of cakes leavened by air and water vapor and 
cakes leavened by carbon dioxide, air, and water vapor. Scores of 
cakes leavened by water vapor alone were extremely low and the cakes 
were described as unpalatable. Statistically, the total palatability 
scores of the water vapor leavened cakes were lower (the differences 
were highly significant) than total scores of cakes leavened with (1) air 
and water vapor or (2) carbon dioxide, air, and water vapor. 

Average texture scores of cakes leavened by air and water vapor 
and of cakes leavened by carbon dioxide, air, and water vapor showed 
only slight differences, but the differences favored the cakes leavened 
by air and water vapor. Although the amount of baking powder used 
in this study was the lowest quantity found desirable in an earlier study 
in this laboratory, the cakes tended to have a coarse, crumbly, and 
harsh texture typical of too much baking powder. The texture scores 
of all cakes from air-evacuated batters averaged less than two. 

Average grain ratings of cakes leavened by air and water vapor 
were always slightly lower than the corresponding cakes leavened by 
carbon dioxide, air, and water vapor, but decidedly higher than ratings 
of cakes from the air-evacuated batters. 

Average eating quality scores were similar for the two groups of 
cake leavened by air and water and by carbon dioxide, air, and water 
vapor. In contrast, the flavor scores of the cakes leavened by water 
vapor were extremely low; these cakes were considered unpaiatable 
(Table 1). 

Cake Volumes. A striking difference was evident in cake volumes 
obtained with different leavening agents (Figs. 1 and 2 and Table I1). 
Volumes of cakes leavened by carbon dioxide, air, and water vapor 
were always largest; those leavened by air and water vapor were in- 
termediate; and those leavened by water vapor alone were the smallest. 
These differences were highly significant statistically. Comparison 
of the individual fats showed a highly significant difference between 
the mean volumes of oil cakes (423.4 ml.) and butter cakes (388.7 ml.), 
a significant difference between means of oil cakes and hydrogenated 
lard cakes (402.1 ml.), but no significant difference between hydro- 
genated lard and butter cakes. 

Leavening Attributed to Air. The computations for leavening by 
air have been based on the assumption that the air incorporated in the 
batter was 100% effective as a leavening agent. Such was not the 
case. The maximum expansion of the batter was not the same as the 
measured volume of the cake (taken when cooled). Maximum ex- 
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pansion of the batter usually occurred just before baking was com- 
pleted. Cakes usually shrank some before removal from the oven and 
continued to shrink after removal. Since the volume increase at- 
tributed to air was the maximum expansion of which the air was capa- 
ble, obviously the proportion of the volume increase attributed to air 
of the measured cake volume was larger than actually occurred. In 
addition, no account was taken of the air and water vapor lost during 
baking. Nevertheless, the results do represent the maximum amount 
of increase of which the air is capable. 


TABLE II 


MEANS OF MEASURED CAKE VOLUME, VOLUME INCREASE OVER THE 
INITIAL BATTER VOLUME, SPECIFIC GRAVITY, AND 
Viscosity AS LINESPREAD 


on Total volume 
scosity 
Cakes "-_—" initial volume, gravity (linespread) 
mil. 
BATTERS CONTAINING AIR 
Butter 388.1 88.1 0.80 0.9 
Oil 417.5 142.3 0.81 4.7 
Hydrogenated lard 366.8 66.8 0.80 0.6 
BATTERS CONTAINING AIR AND BAKING POWDER (YIELDING SOME CO:) 
Butter 514.5 216.8 0.79 0.9 
Oil 586.2 286.7 0.77 4.0 
Hydrogenated lard 565.0 247.5 0.80 0.5 
AIR-EVACUATED BATTERS 
Butter 256.8 24.0 1.03 5.0 
Oil 256.8 24.0 1.03 aa 
Hydrogenated lard 291.8 61.6 1.02 2.8 


The increases in cake volume attributable to thermal expansion 
of the occluded air were 19.8, 11.4, and 25.0% for cakes containing 
butter, oil, and hydrogenated lard, respectively, when they were 
leavened with air and water vapor; the corresponding volume increases 
for cakes leavened with carbon dioxide, air, and water vapor were 
8.0, 5.6, and 6.7%. The volume increase attributable to air expansion 
measured in milliliters was nearly the same in all groups of cakes in 
which air was a leavening agent. In the same order as the percentage 


increase, the increase in milliliters was 17.4, 16.1, and 16.7, and 17.3, 
16.0, and 16.6. This indicates that all cakes had very nearly the same 
amount of air incorporated in the initial batter. 


The similarity of the 
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specific gravities of the batters from the three types of fats (Table I1) 
also supports this view. 

If the occluded air in the initial batters had been considered as a 
part of the cake volume increase, thus using the air-evacuated batter 
as a basis for computing increase in cake volume attributed to air, then 
the values would have been 54.5, 38.3, and 66.3% for butter, oil, and 
hydrogenated lard, respectively. These percentages are computed 
in the same manner as those of Dunn and White (4) and are more 
nearly in keeping with the approximate 50% increase in pound cake 
volume attributed to air by these investigators. 

Leavening Attributed to Water Vapor. The remainder of the volume 
increase of cakes leavened by air and water vapor, after deduction of 
the volume increase brought about by the thermal expansion of the 
air, was attributed to water vapor. Since the leavening attributed to 
air was approximately the same in all cakes of the air and water vapor 
group, the wide variance in total volume was produced by water vapor, 
Fig. 2. It seems, therefore, that the effectiveness of water vapor in 
leavening the cakes varied with the type of fat used. The volume in- 
crease brought about by water vapor for cakes with butter, oil, and 
hydrogenated lard was: (1) for the air and water vapor leavened group 
70.7, 126.2, and 50.1, (2) for the carbon dioxide, air, and water vapor 
leavened cakes 70.1, 126.4, and 50.0, and (3) for cakes leavened by 
water vapor alone 24.0, 24.0, and 61.6 milliliters. Thus the volume 
increase, with one exception, was always greatest in the cakes containing 
oil and least in the hydrogenated lard cakes. The one exception was 
in the group of water vapor leavened cakes where the increases for 
butter and oil were the same. The volume increases brought about 
by water vapor are particularly interesting when contrasted with the 
volume increases attributed to carbon dioxide. 

When water vapor was the only leavening agent the volume in- 
crease of the butter and oil cakes was very small. Under the vacuum 
the batter crept up the side of the cell and had a honeycombed struc- 
ture. Upon removal of the vacuum, the batter collapsed. 

Some of the air-evacuated batters of this study showed no increase 
in volume during baking, but those in which some air remained 
(usually those of the hydrogenated lard series, but also including the 
oil cake shown in Fig. 1) had definite volume increases in baking. 
Throughout the experimental period difficulty was encountered in re- 
moving the air from batters containing hydrogenated lard. The 
hydrogenated lard had a much higher melting point than butter, and 
this resulted in batters of high viscosity which probably accounted for 
at least a part of the difficulty in removing the air from them. What- 
ever the explanation, the hydrogenated lard batters held their air ten- 
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aciously and on one occasion the final volume of the cake was within 
30 ml. of the corresponding cake of the air and water vapor leavened 
group. Dunn and White (4) reported no increase in the volume of 
the air-evacuated pound cake batter of their study, but a decided 
increase (with poor structure) when only a small amount of air was 
occluded in the batter. 


| 


. Butter Oil Lord Butter Oil Lord Butter Oil Lard 


Air, Water Vapor Air, Water Vapor, Water Vapor 
Leavened Carbon-dioxide Leavened 
Leavened 


Fig. 2. Cakes made with butter, oil, and hydrogenated lard; leavened by (1) air and water vapor, 
(2) carbon dioxide, air, and water vapor, and (3) water vapor. The total volume increase over the 
initial volume of the batter and the proportion of the increase attributed to carbon dioxide, air, and 
water vapor are shown, 


Moisture that was condensed in the pans beneath the water vapor 
leavened cakes, when the cold cakes were removed from the pans, gave 
evidence that more vapor had been formed than could escape, either 
around or through the cake. This could be interpreted as indicating 
that air spaces are necessary for the vaporization and diffusion of water 
vapor in the batter. 
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Leavening Attributed to Carbon Dioxide. After the total cake 
volume increase above initial volume of the batter was computed, the 
percentage increase attributed to carbon dioxide was derived by sub- 
tracting the total increase of the corresponding air and water vapor 
leavened cakes. Although this could not be taken as an exact measure- 
ment, it seemed a logical relative determination, since the batters and 
baking conditions were identical except for the addition of baking pow- 
der to the carbon dioxide, air, and water vapor leavened cake batters. 

The average increases in cake volume attributed to carbon dioxide 
were 59.7, 50.2, and 73.1% for butter, oil, and hydrogenated lard, 
respectively. Here again a difference in the effectiveness of a leavening 
agent is exhibited with the type of fat used. The percentage volume 
increases with carbon dioxide, in contrast with the volume increase 
(per cent) attributed to water vapor, were greatest with the firmest 
fat, the hydrogenated lard, and least with the mobile fat, the oil. 

Although the thermal expansion of the air accounted for a relatively 
small percentage of the volume increase in the cakes, the air incor- 
porated in the batters apparently formed the cell structure into which 
the water vapor could easily escape. It was interesting that little or 
no volume increase occurred in the air-evacuated batters, when water 
vapor was the only leavening agent. This indicates an interdepend- 
ence among the leavening gases and shows that aeration of cake batters 
has a function beyond that of increasing cake volume. The presence 
of air is necessary before the water vapor can function as a leavening 
gas. These results confirm those of Dunn and White (4) and of Bar- 
more (1). A still greater interdependence among the gases is sug- 
gested by Carlin (2). He found that carbon dioxide, in the early stages 
of baking, does not form new gas cells but expands the existing air 
bubbles. 

Viscosity as Affected by Fats. References are often made in the 
literature to viscosity of cake batters as an index of cake quality and 
cake volume. An opportunity was offered in this study to examine the 
influence on batter viscosity of (1) the mobility of the fat used and (2) 
the incorporation of gas. 

Decided viscosity differences, as measured by linespread, occurred 
among batters containing different fats. As would be expected from 
the physical condition of the fats, oil batters showed the greatest 
fluidity (4.0 to 7.2), butter batters were intermediate (0.9 to 5.0), and 
hydrogenated lard batters least (0.5 to 2.8). In linespread determina- 
tions the batter having the least viscosity covers the greatest surface 
area of concentric rings one-eighth inch apart. Statistical analysis 
of the data showed highly significant differences between the viscosity 
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of oil batters and either of the batters containing the other two fats, 
and a significant difference between butter and hydrogenated lard. 

Viscosity as Affected by Leavening Agents. The batters, on the basis 
of gas in the batter, comprised three groups, those containing (1) air, 
(2) air and some carbon dioxide, and (3) the air-evacuated batters. 
The viscosity differences among these batters were significant, largely 
because of the removal of air in the third group. 

The viscosity means of the batters containing air were of the same 
order as the viscosity of batters with the different fats. Hydro- 
genated lard was greatest with 0.6, butter intermediate with 0.9, and 
oil fell considerably lower with a mean of 4.7. As might be expected, 
the viscosity means of batters containing carbon dioxide and air (since 
only a small portion of the baking powder would react to form carbon 
dioxide at the batter temperature) varied very little from the means of 
the batters containing only air (Table I1). 

The viscosity of the air-evacuated batters with all fats was much 
lower than that of batters containing either air or air and carbon 
dioxide and made with corresponding fats. This indicates the influ- 
ence of incorporated gas on batter viscosity, whereas the difference 
still existing among the batters containing different fats represents the 
effect of the fat itself on batter viscosity. The order of viscosity means 
of the air-evacuated batters was hydrogenated lard 2.8, butter 5.0, 
and oil 7.2. 

Thus, under the conditions of this study both the incorporation of 
gas and the viscosity of the fat had significant effects on the viscosity 
of the batter. In addition, viscosity was not always a good criterion 
of cake quality. 
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EFFECT OF SYNTHETIC PLANT GROWTH STIMULANTS 
ON SOME PROPERTIES OF CEREAL PROTEINS 
AND ON MIXOGRAM PATTERNS! 


R. H. Harris, L. D. Srppitt, and ORVILLE J. BANAsIK ? 


ABSTRACT 


The concentration of alpha-sodium naphthyl acetate and sodium phenyl! 
acetate was directly related to the per cent of total protein extracted from 
rye, wheat, barley, and millet flour, the percentage extracted decreasing in 
the order in which the cereals are named. The highest concentration of 
growth stimulant employed was 15.0%, at which point the effect of con- 
centration on per cent of protein extracted appeared to be approaching a 
constant. The effect of different stimulants on protein solubility varied; 
sodium naphthyl acetate had the greatest effect. This substance in rela- 
tively low concentration apparently tended to coagulate wheat flour protein 
dispersions in water, while at higher concentrations it increased the solu- 
bility of this protein. Sodium naphthyl acetate and 2-4 dichloro-phenoxy 
sodium acetate were very effective precipitating agents for 0.1 N acetic acid 
dispersions of gluten, removing approximately 98.0% of dispersed protein 
at a concentration of 1400 mg. per 100 ml. of dispersion and greatly decreas- 
ing the relative viscosity. From the limited data collected, the final effect 
on solubility appeared to be independent of the individual stimulant 
employed. 

The initial influence of stimulants on mixogram pattern of hard red 
spring wheat flours was to increase the strength of the curve; but beyond a 
concentration of approximately 2.0% of weight of flour used, a deleterious 
effect which increased with addition of stimulant was noticeable. Different 
wheat varieties were affected in the same manner. 

It is apparent that synthetic plant growth stimulants have a marked 
effect on some properties of cereal proteins, and that this effect varies with 
the stimulant. 


A large number of organic chemicals is known to promote the 
growth of plants. These substances contain either an unsaturated or 
an aromatic ring, and a carboxyl (or a group readily converted by the 
plant to a carboxyl) separated from the ring by at least one carbon or 
oxygen atom. Three naturally occurring substances have been iso- 
lated which promote growth. These are auxentriolic acid (auxin a), 
auxenolonic acid (auxin b), and indoleacetic acid (9). Not only do 
these materials promote growth, but under certain conditions they 
may inhibit growth, leading to their use in destroying weeds. 

Grace (2) found that 5.0% neutral sodium salt solutions of the 
group of chemicals comprising synthetic plant growth stimulants 
dispersed undenatured wheat gluten. Sodium naphthyl acetate ap- 
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peared to be the most efficient, dispersing essentially as large a propor- 
tion of the gluten as sodium hydroxide and 10.0% sodium salicylate. 
Grace noted that this property might be related to the mechanism of 
plant responses to these compounds. No attempt was made to deter- 
mine the effect of growth stimulant concentration on quantity of gluten 
extracted. 

The present work consists of a study of the effect of plant growth 
stimulants on the quantity and properties of protein dispersed from 
several cereals, as well as the influence of stimulant on the mixogram 
pattern of hard red spring wheat flour. 


Materials and Methods 


The flours employed in this study were approximately 95.0% long 
patents which had been experimentally milled from hard red spring 
wheat varieties grown on experimental plots in 1946. The varieties 
were Thatcher, Pilot, Mida, and Cadet, each grown at branch experi- 
ment stations located at Dickinson, Langdon, and Edgeley. These 
included a range of protein from 13.2 to 15.4% and comprised three 
mixogram types, strong, medium, and weak. A composite sample 
was prepared from a blend of several commercially important hard red 
spring wheat varieties grown at several points in North Dakota. The 
barley variety was Manchuria (12.5% protein) while the rye was 
Washington Imperial (7.2% protein), both grown in the Experiment 
Station plots at Fargo in 1945. The millet was a yellow variety, Proso 
(8.6% protein), purchased from a grocery store. These three protein 
values (V X 6.25) are expressed on a 13.5% moisture basis. All sam- 
ples were sound and free from damage. 

The wheats were milled by the method described by Sibbitt, Scott, 
and Harris (8) for the Allis mill, while the other three cereals were 
milled by suitable modifications of this procedure. The millroom was 
maintained at approximately 70°F. and 65% relative humidity. 

The effect of growth stimulants on protein solubility was deter- 
mined employing 5 g. of flour in 100 ml. of distilled water containing 
the required concentration of stimulant and agitating gently for 6 hours 
in a rotary shaker (4). The flour suspensions were centrifuged and 
the protein content of the decanted solution determined by the 
Kjeldahl-Gunning method. When examining the coagulating action 
of growth stimulants, suitable additions of the active substance were 
made to the flour suspensions at the beginning of shaking. Six hours, 
with gentle shaking, was allowed for the stimulants to act on the flour 
protein. The dispersions were then centrifuged, and the nitrogen con- 
tent and viscosity of the supernatant liquid determined. Viscosity 
determinations were made with the Ostwald pipette at 25°C.+ 0.05°C. 
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No effort was made to standardize the pipette since it has been shown 
that relative rather than absolute viscosity values are of major im- 
portance in biological chemistry (1, 7). The pH of the dispersions 
was obtained by a Beckmann ‘pH meter. 


—— SODIUM NAPHTHYL ACETATE 
-—-—-- SODIUM PHENYL ACETATE 
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CONCENTRATION % 
Fig. 1. Solubility of four cereal flour proteins in various concentrations 
of sodium naphthyl and sodium phenyl acetates. 
The gluten dispersions were made by the method described by a 
Harris and Johnson (5) using the Waring Blendor and 0.1 WN acetic a 


acid. After removal of undispersed material by centrifuging, suitable 
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aliquots were taken for protein precipitations. The dry salt was 
added to the dispersion. 

The mixograms and their dimensions were obtained by the pro- 
cedure described by Harris (3) using flour and distilled water at the 
absorption found when baking the flours. The stimulant in the dry 
form of its sodium salt was added to the water immediately before 
mixing. Suitable concentrations were selected from preliminary 
determinations. 

Results 

The results secured from the extraction and viscosity determina- 
tions are presented, with one exception, in the form of curves, with the 
actual values shown as dots in the figures. This mode of presentation 
facilitates comparisons, and emphasizes the fact that precise values 
cannot be expected in this type of investigation. A table of mixogram 
dimensions is included to enable comparisons to be made among the 
different treatments with growth stimulants. 


TABLE I 


COMPARATIVE PROPORTIONS OF THE TOTAL NITROGEN EXTRACTED 
FROM CEREAL FLouRS BY DIFFERENT REAGENTS 


Nitrogen extracted 


Extractant! 


Rye Wheat Barley Millet 
% % % % 
Sodium salicylate, 10.0% 77.0 78.7 56.4 12.7 
2-4 Dichloro-phenoxy sodium 50.7 49.7 19.7 8.0 
acetate, 1.1% 
2 Naphthoxy sodium acetate, 1.3% 40.0 35.0 16.7 7.3 
2-4-5 Trichloro-phenoxy sodium 38.0 16.0 15.4 2.6 
acetate, 0.6% 
Distilled water 37.0 15.8 15.6 3.0 


! Growth stimulant solutions were all saturated. 

Note: pH of extracts was 6.8. 

Effect of Plant Growth Stimulants on Protein Solubility. The re- 
sults secured from treating the four cereal flours with various concen- 
trations of sodium naphthyl acetate and sodium phenyl acetate are 
shown in Fig. 1. As noted by Grace (2) the former compound con- 
sistently extracts more protein than the phenyl salt. The concentra- 
tion-extraction curves begin to level off after 5.0% concentration for 
sodium naphthyl acetate, and after 10.0% for sodium phenyl acetate. 
Rye protein was most easily extracted by both substances, with wheat 
second, and barley third. The proportion of protein removed from 
millet was very small. At the higher solvent concentrations there 
appeared to be some tendency for the curves to converge. Grace used 
the 5.0% level, where the curves are more divergent, and differences 
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between the two stimulants are most marked. The pH of all disper- 
sions was approximately 6.8. 

In Table I are data showing the per cent of nitrogen extracted from 
the flours by various substances, including three growth stimulants. 


EXTRACTED PROTEIN 
-—-—-- SPECFIC VOLUME 
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CONCENTRATION OF SODIUM NAPHTHYL ACETATE % 


Fig. 2. Effect of concentration of sodium naphthyl acetate on protein extraction and specific 
volume of the protein micelle. Concentration of stimulant expressed as per cent of flour. 


The concentrations are different in each solution because of the varying 
solubilities of the hormones, so direct comparisons cannot be made in 
regard to the relative solvent power. The relative insolubility of the 
proteins of millet is very marked, only 3.0% of the total nitrogen being 
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extracted by distilled water, while rye has 37.0% removed by this 
solvent. 

Fig. 2 shows the effect of various concentrations of sodium naphthyl 
acetate solution on the amount of protein extracted from wheat and rye 
flours, as well as the influence on the specific volume of the protein par- 
ticle in dispersion (6). This latter effect was investigated because it 
was found that the growth stimulants induced remarkable changes in 
the mixogram pattern of bread wheat flours (Fig. 6). At low initial 
concentrations there is a decrease in the amount of protein extracted 
for both wheat and rye, followed by a regular increase after a con- 
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Fig. 3. Relations between stimulant concentration and per cent of total dispersed protein pre- 
ya og op ae Geen dispersions in 0.1 N acetic acid. Effect of stimulant on the relative viscosity, 
centration of 0.25% was attained. Specific volume is affected in the 
opposite direction: first there is an increase in particle size as coagula- 
tion proceeds, and solubility decreases, while later the particle size 
progressively decreases as solubility rises. The initial effect on particle 
size is quite marked for wheat. From these results it is concluded that 
the initial effect of stimulants is to depress solubility by a coagulative 
influence, followed by a dispersive action at higher dosages. 

Effect of Plant Growth Stimulants as Protein Precipitating Agents. 
Fig. 3 shows the results secured from additions of sodium naphthyl 
acetate and sodium dichloro-phenoxy acetate to dispersions of gluten 
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protein in 0.1 N acetic acid. The stimulants cause increasing precipi- 
tation of protein from the dispersion until a dosage of 500 mg. per 100 
ml. is reached, after which further increase in reagent concentration has 
little influence on the quantity of protein removed. Sodium naphthyl 
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Fig. 4. Relation between relative viscosity and protein concentration in gluten dispersions in 
0.1 N acetic acid. Data secured by precipitating the protein by graduated additions of two growth 
stimulants (Fig. 3). 
acetate has a slightly greater effect than sodium dichloro-phenoxy 
acetate until the maximum is reached, when the two salts become 
practically identical in their effects. The effect of the growth stimu- 
lants on relative viscosity is approximately the same as on concentra- 
tion, viscosity decreasing as stimulant concentration increases until a 
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limit is reached beyond which there is little further increase as more 
stimulant is added. 

The relation between viscosity and protein concentration shown in 
Fig. 4 reveals a marked fall in viscosity as the quantity of protein in 
dispersion decreases. The rather sharp inflection in the viscosity curve 
at approximately 25 mg./ml. concentration of protein might indicate 
a change in the type of protein fraction precipitated. The “glutenin”’ 
fraction, which is thought to include the larger particles, would be 
present in the dispersion before much protein had been removed by the 
growth stimulant, and would tend to affect viscosity more than other 
protein fractions which consist of smaller particles. The curves for 
the two stimulants, sodium naphthyl acetate and 2-4 dichloro-phenoxy 
sodium acetate, are practically superimposed, and show the familiar 
curvilinear relationship between protein concentration and viscosity. 

Effect of Plant Growth Stimulants on Mixogram Patterns. Fig. 5 
shows the effect of several plant growth stimulants on the mixogram 


Fig. 5. Effect of different synthetic plant growth stimulants on the mixogram pattern of a hard 
acetate, 0.66; E, sodium pheny! acetate, 5.0; F, sodium naphthy! acetate, 5.0. 
pattern of a flour experimentally milled from a number of hard red 
spring wheat samples. 2 Naphthoxy sodium acetate, 2-4-5 trichloro- 
phenoxy sodium acetate, and 2-4 dichloro-phenoxy sodium acetate 
appeared to increase the strength of the curve in the order named. 
Sodium phenyl acetate and sodium naphthyl acetate, however, when 
present in 5.0% concentration, markedly reduced the strength of the 
mixogram. The concentration of the first three substances employed 
was low (Fig. 5), owing to their poor solubility in water. This differ- 
ence in concentration will significantly affect the curve characteristics, 
and operates against making direct comparisons regarding the effects of 
the five growth stimulants. However, it was later found that treat- 
ments of sodium naphthyl acetate in the 0.5% to 1.0% concentration 
range (Fig. 6) gave somewhat similar curve patterns with the same 
flour. There is little doubt that increasing the concentration of the 
first three salts would also cause a reduction in the strength of the 
mixogram. These data indicate that plant growth stimulants strongly 
affect mixing requirements. The strength of the effect tends to be re- 
lated to the physiological activity of the compound in conformity with 


a priori expectations. 
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Fig. 6 represents the influence of different concentrations of the 
most active stimulant, sodium naphthyl acetate, on the mixogram 
pattern of three hard red spring wheat flours possessing quite different 
mixing properties. The wheat protein content of these samples was 
as follows: Thatcher, 14.9%; composite, 12.9%; and Pilot, 13.6%. 
The normal mixograms secured from these flours are shown at the left 
of the figure; the differences in pattern type are quite evident. The 
initial effect of the stimulant was to increase all four of the dimensions 
measured for the three flours. This increased strength persisted until 
a concentration of 2.0% was reached for Thatcher, and 1.0% for the 
composite flour and for Pilot, although there was very little difference 
between the 0.5% and 1.0% treatments for the latter. Beyond this 
point all curves progressively weakened as stimulant concentration 
increased. In view of the effect of these substances on protein solu- 
bility in aqueous solution it seems logical to assume that the initial 
increase in the strength of the curves is due to a coagulative effect on 
the protein, followed beyond the optimum point by a dispersive action 
which would tend to weaken the physical properties of protein and 
result in a decrease in the strength of the curve. 

The average dimensions of four mixogram properties secured from 
flours representing four hard red spring wheat varieties grown at three 
North Dakota stations in 1946 are shown in Table II. These varieties 
cover the range to be found in mixogram properties among spring 
wheats; Cadet has probably the strongest pattern, with Thatcher 
second in strength, and the remaining two varieties weaker in type. 
One per cent of stimulant increases the value for all four properties for 
all the four wheats, the greatest effect being probably in dough develop- 
ment. The next treatment, 2.0%, slightly decreased dough develop- 
ment from the 1.0% values. For dough stability, there was a decided 
increase, while the other two dimensions were not greatly altered from 
the previous values. The highest concentration of stimulant, 5.0%, 
greatly reduced all mixogram properties, and yielded lower values than 
the control, though in some instances the latter differences were not 
large. All flours appeared to be affected in much the same manner, 
regardless of curve type. 

The data show that the character of the mixogram may be markedly 
changed by the addition of plant growth stimulants. A flour with 
weak mixing properties may approach a strong type flour in behavior 
upon suitable treatment with these substances. Conversely, a flour 
with too strong mixing requirements could exhibit weaker character- 
istics by a heavier treatment. It is believed that the baking quality of 
flour could be greatly changed by this class of substances provided the 
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TABLE II 


ErFrect oF SoptumM NAPHTHYL ACETATE ON THE MIXOGRAM DIMENSIONS 
oF Four Harp RED SPRING WHEAT FLouRS 


, : Conc. of Dough Dough Cc Cc 
Wheat variety stability height width 
% cm. cm. cm. cm. 
Thatcher 0 4.6 4.9 7.6 1.1 
Thatcher 1.0 8.7 8.0 7.7 1.6 
Thatcher 2.0 7.5 9.5 7.8 1.8 
Thatcher 5.0 3.9 3.9 6.8 0.9 
Pilot 0 4.1 3.8 7.1 0.9 
Pilot 1.0 6.0 4.6 7.8 1.1 
Pilot 2.0 6.2 6.3 7.4 1.7 
Pilot 5.0 2.9 3.1 6.3 0.6 
Mida 0 3.5 35 7.1 0.9 
Mida 1.0 5.9 4.5 7.7 ) 
Mida 2.0 6.5 1.6 
Mida 5.0 2.9 3.6 6.1 0.8 
Cadet 0 5.7 6.3 6.8 1.1 
Cadet 1.0 10.7 9.8 7.8 1.3 
Cadet 2.0 10.2 12.0 7.6 1.7 
Cadet 5.0 4.4 6.0 6.6 1.0 
MEANS FOR ALL VARIETIES 
0 4.5 4.6 1.0 
1.0 7.8 6.7 7.8 1.4 
2.0 8.6 7.6 
5.0 3.5 4,2 6.5 0.8 


1 Expressed as per cent of quantity of flour used (25 g. on 13.5% moisture basis). 


lethal effect of the stimulant on the yeast and other enzyme systems 
could be eliminated. 

The data show that synthetic plant growth stimulants exert a very 
marked effect on the proteins of wheat, rye, and barley. Some stimu- 
lants in aqueous solution are very efficient extractives for wheat gluten, 
but function as precipitating reagents for gluten dispersed in 0.1 N 
acetic acid. At relatively low concentrations, they act as coagulative 
agents for water-soluble protein, and at higher concentrations they 
perform as dispersive substances. Their effect as growth stimulants 
at concentrations very much below these employed here suggest that 
their principal action on plant growth is through enzyme systems, 
rather than on the plant proteins per se. 
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A REVISED METHOD FOR THE DETERMINATION 
OF BROMATE IN BROMATED FLOURS! 


L. R. JoHNsSON? and A. W. ALcock 


ABSTRACT 


The method of Hoffer and Alcock (1) for the determination of bromate 
in wheat flour has been modified with the object of improving the replica- 
bility and accuracy of the results. As in the original method, the extracted 
bromate is allowed to react with potassium iodide in the presence of starch 
and the intensity of the color of the resulting starch-iodine solution is 
measured in a spectrophotometer. With flours containing 5 p.p.m. of 
bromate the modified method gives average recoveries of 101.5%; with 
flours containing 10-20 p.p.m., 97%; and with flours containing 35 p.p.m., 
95%. The mean difference between duplicate results obtained on different 
days was 1.14 p.p.m. This difference was influenced very little by the 
bromate content of the flour, but is believed to depend very largely upon 
the granulation of the bromate and its distribution. 


The procedure described by Hoffer and Alcock (1) for the deter- 
mination of bromate in flour has not proved generally satisfactory. A 


critical study of the method made in this laboratory showed that the 


results were influenced by small differences in technique such as may 


easily occur between one analyst and another. After trying numerous 
changes in an effort to secure more consistent results, the following 


modified procedure was finally adopted. 


1 Manuscript received March 10, 1948. 
? Chemist, Purity Flour Mills Limited, Winnipeg, Manitoba. 
*? Chief Chemist, Purity Flour Mills Limited, Winnipeg, Manitoba. 
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Materials and Methods 
Apparatus 
(1) 50 ml. centrifuge tubes, without lip. 
(2) Coleman Universal Spectrophotometer, Model 11, and optically 
matched round cuvettes of 1.7 cm. diameter. 


Reagents 


(1) 25% potassium chloride solution. 

(2) Iodine, stock solution. Dissolve 0.35 g. of iodine in 7 ml. of 
ethyl alcohol and dilute to 1 liter with 1% potassium iodide so- 
lution. ‘This solution should be protected from the light. 

(3) Potassium chloride solution, 25% in 2% acetic acid. 

(4) Celite filter aid, analytical grade. 

(5) Standard potassium bromate solution, 5.0 ug. per ml. Prepare 
as required from a solution containing 100 wg. per ml. which 
is stable. 

(6) 0.5% starch solution, prepared by the following method as out- 
lined by Platner (2): While stirring add approximately 30 ml. 
of a 20% sodium hydroxide solution to a suspension of 2 g. of 
soluble starch in 300 ml. of water and allow to stand for 1 hour. 
Neutralize with concentrated hydrochloric acid using litmus as 
an indicator and then add 1 ml. of glacial acetic acid. Dilute 
to 400 ml. with water. This solution can be used for an indefi- 
nite period. 

(7) 1% potassium iodide solution. 

(8) Iodine solution, approximately 17 wg. per ml. Dilute approxi- 
mately 2.5 ml. of stock iodine solution to 50 ml. Prepare fresh 
daily. 

(9) 5% sulfuric acid. 


Procedure. Weigh 7 g. of flour into a 50 ml. centrifuge tube and 
add 40 ml. of a mixture consisting of approximately 37.4 volumes of 
25% potassium chloride solution and 2.6 volumes of the stock iodine 
solution. This mixture should be made up just before use. Stopper 
the centrifuge tube with a rubber stopper and thoroughly disperse the 
flour by shaking vigorously for 10-15 seconds. Allow to stand for a 
few minutes and shake again for about 10 seconds. The interval may 
be utilized for the extraction of other samples in the set. Time of 
standing is not critical but the shaking must be sufficient to disperse 
the flour to allow for the solution of the bromate. Centrifuge at 2400 
r.p.m. for 10 minutes. Dilute 5 or 10 ml. of the supernatant liquid 
(or less if the flour contains in excess of 50 p.p.m. of bromate) to 35 
ml. with 25% potassium chloride solution in 2% acetic acid and, after 
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mixing, add from a spatula about 0.8 g. of Celite (as judged by the eye). 
Stir vigorously with a stirring rod and centrifuge at 2400 r.p.m. for 5 
minutes. Pour off all the clear extract and then prepare the following 
mixtures: 


Tube 1 Tube 2 Tube 3 
(Reference Solution) 
3 ml. distilled water 1 ml. distilled water 1 ml. standard bromate soln. 
1 ml. starch soln, 1 ml. starch soln. 1 ml. starch soln. 
10 ml. flour extract 10 ml. flour extract 10 ml. flour extract 
3 ml. potassium iodide soln. 3 ml. potassium iodide soln. 3 ml. potassium iodide soln. 
1 ml. dilute iodine soln. 1 ml. dilute iodine soln. 1 ml. dilute iodine soln. 
2 ml. 5% sulfuric acid 2 ml. 5% sulfuric acid 


Each addition is made in rotation, as rapidly as convenient and in 
the order given. Allow an interval of 2 minutes between the acid 
additions to tubes 2 and 3, and exactly 4 minutes after adding the acid 
read the optical density at a wave length of 575 mu. The difference 
in optical density between tubes 2 and 3 is due to 5 ug. of bromate and, 
when 10 ml. of the first extract is taken, the concentration of bromate 
in the flour is obtained as follows: 


Concentration of bromate, 
10A 
P-P-M. = X79 X79 = He 
A is the optical density of the unknown in tube (2), 
B is the difference in optical density between tubes 3 and 2. 


While spectrophotometer readings are being made on one extract, 
the decanted clear extracts from other samples in the same set can be 
allowed to stand. ‘They should not, however, be left too long, since 
slow losses of bromate occur as shown by the following results: 


Hours standing Bromate recovery 


33535 


Results and Discussion 


The first objective of the efforts to improve the original method 
was to secure clear extracts as free as possible from flour starch. This 
was accomplished by extracting with neutral potassium chloride solu- 
tion, diluting an aliquot with potassium chloride in acetic acid, and 
removing the precipitate then formed by centrifuging after the addition 
of Celite. Dilution of the original extract with acid potassium chloride 
solution is necessary, otherwise precipitation would occur on acidifying 
at the color development stage. The characteristics of the color pro- 
duced on adding starch and iodine to clear extracts, obtained in this 
manner from a variety of flours of different grades and different ages, 
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were very uniform. With all extracts the maximum light absorption 
peaks overlapped in the neighborhood of 575 mu. and any lack of 
definition of the peaks due to cloudiness was avoided. 

Hoffer and Alcock noted that when their method was applied to 
unbromated flours, optical density readings equivalent to 0.6 p.p.m. 
of bromate were obtained. The present studies, however, showed the 
magnitude of this “blank’’ to be greatly influenced by the time and 
vigor of shaking. This particular difficulty, which had undoubtedly 
been responsible for some of the discrepancies in the results of other 
workers, disappeared on changing the method of extraction. A 
“‘blank”’ was still obtained with unbromated flours but it was small; 
and in spite of wide variations in the amount of shaking, its value, 
expressed as ug. of bromate in the mixture used for color development, 
only varied from 0.1 to 0.25. 

The new extraction method has the further advantage of permitting 
the use of a larger ratio of flour to extractant, thus reducing the 
sampling error. Because of the low dosages of bromate used, and the 
differences in specific gravity and particle characteristics between flour 
and bromate, it is believed that this error can be quite large. 

With the adoption of neutral potassium chloride solution as the 
bromate extractant, it became necessary to discontinue the use of 
potassium permanganate since it was no longer reduced. Low bromate 
recoveries were now obtained. It was then found that on adding 
increments of a dilute iodine solution to the extract of an unbromated 
flour, the first addition produced a smaller increase in optical density 
than subsequent increments. The same thing occurs when iodine is 
released by increments of bromate; the first increment of bromate gives 
a low reading. It was, therefore, decided to add a small quantity of 
iodine to each of the tubes immediately before the addition of acid, 
and thus ensure that all the bromate from the flour was effective in 
increasing the color intensity. The exact quantity of iodine added is 
not important, but it is convenient to use an amount equal to that 
released by 2 to 2.5 ug. of bromate. 

Upon the introduction of this step bromate recoveries became 
slightly high. By using extracts of unbromated flours, the high re- 
coveries were found to be due to the fact that the intensity of the 
starch-iodine color in the tube containing added acid was greater than 
that in tube 1 containing the reference solution to which no acid is 
added. As this was not the case when potassium chloride in 2% acetic 
acid was substituted for flour extract, it was assumed, as a working 
hypothesis, that soluble substances from the flour took up small quan- 
tities of iodine in tube 1, and that this did not occur in the tube con- 
taining added acid. In the hope of saturating these soluble substances 
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with iodine, an excess of iodine was added to the extractant. Whether 
the hypothesis is correct or not, the use of iodine in the extractant 
resulted in more satisfactory bromate recoveries. The amount of 
iodine added is not critical. All that is necessary is to have a visible 
excess that is adsorbed on the flour and is subsequently removed on 
centrifuging. 

As iodine is slowly liberated when the mixed reagent, used in the 
original method, is allowed to stand, it was decided to add the acid 


TABLE I 


RESULTS OF BROMATE DETERMINATIONS ON MIXTURES 
OF FLOUR AND BROMATE 


Grade of Bromate Bromate found,! Mean, Mean 
flour added, p.p.m. p.p.m. . p.p.m. recovery, % 
Patent 5 4.6 4.7 4.65 93.0 
Patent 5 4.5 5.6 5.05 101.0 
Straight 5 5.0 $3 5.25 105.0 
Clear 5 4.7 5.8 5.25 105.0 
Means 5.05 101.0 
Patent 12 10.9 11.8 11.35 94.6 
Patent 12 10.9 11.5 11.2 93.3 
Straight 12 10.6 13.4 12.0 100.0 
Clear 12 12.4 12.4 12.4 103.3 
Means 11.75 97.9 
Patent 20 19.0 20.1 19.55 97.8 
Straight 20 19.0 20.2 19.6 98.0 
Clear 20 17.7 20.1 18.9 94.5 
Means 19.35 96.8 
Patent 35 34.8 35.0 34.9 99.7 
Straight 35 34.1 35.9 35.0 100.0 
Clear 35 29.2 31.2 30.2 86.3 
Means 33.4 95.3 


1 Duplicate determinations on different days. 


and iodide separately. At the same time the concentration of acid 
was increased in order to speed up the reaction with bromate. After 
an interval of 3 minutes from the time the stronger acid is added, 
further increases in optical density take place very slowly. But be- 
cause they do take place and because there is a very slow fading of 
the color of the reference solution in tube 1, this short color develop- 
ment time is desirable. Sulfuric acid was substituted for hydrochloric 
acid because it gave a lower reagent blank. The reagent blank, which 
should be checked from time to time, should not exceed a value equiva- 
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lent to 0.25 ug. of bromate in the mixture of solutions used for color 
development. If it does, fresh sulfuric acid should be prepared. 

The revised method suffers from the same limitation as the original 
in that it cannot be used when iodates or other substances which release 
iodine from iodide are present in the flour. 

To check the revised method a master mix was prepared by mixing 
999 g. of patent flour and 1 g. of potassium bromate in a McLellan 
mixer for 4 hours. From this, samples of patents, straight and clear, 


TABLE II 
RECOVERIES OF BROMATE ADDED TO THE EXTRACTANT 
Grade of Bromate Bromate found,! Mean, Mean 
flour added, p.p.m. p.p.m. p.p.m. recovery, % 
Patent a7 5.7 5.8 5.75 100.9 
Patent 5,7 5.5 5.6 5.55 97.4 
Straight 5.7 5.8 5.8 5.8 101.2 
Clear 5.7 6.1 6.3 6.2 108.8 
Means 5.8 102.2 
Patent 11.4 10.9 11.1 11.0 96.5 
Patent 11.4 10.6 10.9 10.75 94.3 
Straight 11.4 11.0 11.3 11.15 97.8 
Clear 11.4 11.0 11.3 11.15 97.8 
Means 11.0 96.6 
Patent 34.2 32.4 — 32.4 94.7 
Patent 34.2 32.1 S27 32.4 94.7 
Straight 34.2 $2.2 32.6 32.4 94.7 
Clear 34.2 32.2 32.5 32.35 94.6 
Means 32.4 94.7 


1 Duplicate determinations on different days. 


were made up to contain 5, 12, 20, and 35 p.p.m. of bromate, the mixing 
of these samples being carried on for 30 minutes. The results are 
given in Table I. 

In a second series, the bromate was added in solution with the 
potassium chloride-iodine mixture. The results are reported in 
Table I]. The mean difference between the duplicate results was only 
0.3 p.p.m. as compared with 1.14 p.p.m. between those given in Table I. 
Errors involved in diluting the neutral potassium chloride extract, 
clarifying the diluted solution, and developing the color are very small. 
Determinations of the bromate present in 10 ml. aliquots of neutral 
potassium chloride extracts showed that the sum of these errors is 
responsible for a difference of not more than 0.1 p.p.m. in the results 
of duplicate bromate determinations on flour. With smaller aliquots 
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the difference due to these errors would be correspondingly increased 
because of the larger factor used in the calculation. 

From the fact that average recoveries were just as good when 
bromated flours were analyzed as when the bromate was added with 
the extractant, it would appear that errors in extraction are not re- 
sponsible in any substantial measure for the poorer replicability when 
dealing with bromated flours. The most probable explanation seems 
to lie in the sampling. After the work reported above had been com- 
pleted, it was found that the bromate used commercially as a flour 
improver varies widely in granulation. The material used in this 
study was of intermediate fineness but the granulation was not uni- 
form. It contained a small fraction of relatively large crystals which 
failed to pass a 16XX sieve. Some idea of the effect of granulation 
and the difficulty of dispersing bromate uniformly can be obtained by 
dropping acidified potassium iodide on smooth flour surfaces and noting 
the distribution and size of the black spots. A few determinations on 
flours containing bromate in the form of a very fine powder gave dupli- 
cate results which agreed as well as those reported in Table II. This 
study suggests that particle size will have to be considered in any 
future work on the bromate determination, for it not only influences 
the sampling error but is likely to affect recoveries in methods involving 
sedimentation. 

The greater variability in the recovery figures for dry mixed 
samples is attributed largely to lack of homogeneity of the master mix. 
These variations are smoothed out in the averages, and average re- 
coveries at the 5, 12, and 35 p.p.m. levels were practically the same in 
both series. With increasing bromate content, recoveries were lower, 
averaging 95% at 35 p.p.m. 
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EFFECT OF HEREDITY ON THE NIACIN AND 
PANTOTHENIC ACID CONTENT OF CORN! 


LORRAINE DiITZLER, CHARLES H. Hunt, and R. M. BETHKE? 


ABSTRACT 


Analyses for niacin and pantothenic acid were made on the inbred lines 
and single-cross hybrid components of four double-cross hybrids reported in 
an earlier study. The niacin content of both single- and double-cross hy- 
brids appeared related to that of the inbred lines. It was more difficult to 
discern a hereditary influence on pantothenic acid, probably because of en- 
vironmental differences. 

Analyses of three inbred lines crossed in various combinations for the 
study of heterozygosity showed that the two vitamins may behave differ- 
ently as to inheritance. 

Analyses of 36 samples from a group of early, uniform single-cross 
hybrids, involving nine inbred lines and all grown in approximately the same 
environmental conditions, showed definite hereditary influence on both 
niacin and pantothenic acid. 

The results in general confirm previous conclusions that the elaboration 
of both vitamins is influenced by hereditary factors but that the influence on 
niacin is less subject to modification by environmental factors than is the 
influence on pantothenic acid. It is suggested that the niacin content of 
corn can be increased by breeding. 


It is recognized that the chemical composition of plants may be 
affected to a marked extent by both hereditary and environmental 
factors. Very little is known, however, as to the part which such 
factors play in the elaboration of vitamins. 

Rather wide variations in the amount of several members of the 
vitamin B complex in corn have been reported by Burkholder et al. (2), 
Teply et al. (6), and Ellis and Madsen (4). Recently Aurand and co- 
workers (1) reported that heredity influenced the carotene content of 
single-cross corn hybrids. Doty and associates (3) found some indi- 
cation that the amounts of the various amino acids present in several 
single-cross hybrids were related to the genetic constitution of the 
plant. 

Previous studies in our laboratory (Hunt et al., 5) showed that both 
niacin and pantothenic acid in double-cross corn hybrids were in- 
fluenced significantly by hereditary and environmental factors. The 
elaboration of pantothenic acid was affected much more by environ- 
mental factors than was the elaboration of niacin. 

The results in general indicated the need for further investigation 
of the inbred lines and single-cross hybrids which entered into the 


1 Manuscript received February 6, 1948. 
Published with the approval of the Director of the Ohio Agricultural Experiment Station. 
? Department of Animal Science, Ohio Agricultural Experiment Station, Wooster, Ohio. 
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genetic make-up of the double-cross hybrids. The present report deals 
with the niacin and pantothenic acid content of various inbred lines 
and related single- and double-cross hybrids. 


Materials and Methods 


Analyses were made of the inbred lines and single-cross hybrid 
components of four double-cross hybrids reported earlier (Hunt et al.,5). 
These samples were grown during different years at different locations. 
Another series of samples involved a group of three inbred lines and 
crosses which was organized for the purpose of studying heterozygosity 
or plant vigor. The three lines were crossed as single crosses F; and Fy» 
generations, back crosses, three-way crosses, and a fourth type of 
cross similar to a double-cross hybrid, in which one of the three lines 
appeared twice (hereinafter designated as “double cross’’ for the sake 
of ease of expression). The third series consisted of early, uniform 
single-cross hybrids obtained by crossing each of nine inbred lines with 
the other eight lines. The latter two series of corn were grown at the 
Ohio Agricultural Experiment Station in 1946. Each sample analyzed 
was a composite of five replications grown in the same field under 
similar environmental conditions. 


The methods of analysis were the same as those used in previous 
studies (5). 


Results and Discussion 


The vitamin values for the double-cross hybrids (5) and the com- 
ponent lines and single crosses which enter into their genetic make-up 
are given in Table I. These samples, as previously stated, were 
gathered from different seasons and locations, so that some of the 
variation in vitamin content might be ascribable to environmental 
factors, especially in the case of pantothenic acid. The four hybrids 
are related. 

There was no significant difference in the average niacin content of 
the four double-cross hybrids. Among the inbred lines, Oh02 had the 
highest niacin content (2.91 mg./100 g.), while Ind.WF9, Ind.38-11, 
and III.R4 assayed 2.16, 2.01, and 1.89 mg., respectively. C.1.187—2 
(1.56 mg.), Ill.Hy (1.24 mg.), Ia.L317 (1.23 mg.), and Oh40B (1.15 
mg.) assayed low in niacin. The single cross highest in niacin, 
Oh40B X Oh02, contained the high niacin inbred Oh02. The single 
cross lowest in niacin (Hy X L317) contained two low-niacin inbreds. 
The single crosses composed of the intermediate-niacin inbreds give 
values between the two extremes. 

Slight differences in the niacin content of the double-cross hybrids 
showed that the hybrid highest in niacin, Ohio C38, contained the high- 
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niacin inbred, Oh02, one intermediate-niacin inbred (Ind.WF9), and 
two low-niacin inbreds, IIl.Hy and Oh40B. U.S.35, nearly as high as 
Ohio C38, contained three intermediate inbreds (Ind. WF9, Ind.38-11, 
Il1.R4), and one low inbred (Ill7Hy). The hybrids U.S.13 and II1.201 
contained two intermediate and two low inbreds. 


TABLE I 


NIACIN AND PANTOTHENIC CONTENT OF DouBLE-Cross HYBRIDS 
AND CoMPONENTS (Ma./100 G.—10% MOISTURE BASIS) 


samples and P.E. and P.E. 
Ohio C38 (WF9 X Hy) (Oh40B X Oh02) 13 2.13 + 04 | 0.54 + .02 
U.S.35 (WF9 X Ind.38-11) 14 2.11 + .03 | 0.53 + .02 
(IIl.R4 X 
U.S.13 (IILHy X Ia.L317) 14 1.95 + .04 | 0.49 + .03 
(Ind. WF9 X Ind.38-11) 
111.201 (Ind.WF9 X Ind.38-11) 14 2.02 + .03 | 0.56 + .03 
(C.1.187-2 X Ia.L317) 
Oh02 3 2.91 + .07 | 0.61 + .01 
Oh40B | 3 1.15 + .04 | 0.53 + .04 
Ind.WF9 4 2.16 + .08 | 0.74 + 03 
Ind.38-11 5 2.01 + .09 | 0.77 + .06 
1ILR4 1.89 0.45 
Ill. Hy 6 1.24 + .04 | 0.49 + .07 
la.L317 4 1.23 + .03 | 0.52 + .04 
C.1.187-2 3 1.56 + .04 | 0.59 + .04 
Oh40B X Oh02 2.92 0.52 
Ind.WF9 IIl.Hy 2.12 0.19 
Ind.WF9 X Ind.38-11 2.01 0.50 
X IILHy 2.09 0.53 
X Ta.L317 1.38 0.39 
C.1.187-2 Ia.L317 1 1.48 053) 


It appears from these data that the niacin content of both the single- 
cross and double-cross hybrids is related to the niacin content of their 
component inbred lines. 

The average pantothenic acid assay values for the double-cross 
hybrids were similar. Inbreds Ind.WF9 and Ind.38-11 averaged 
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higher in pantothenic acid than the other inbred lines, with C.1.187—2 
next in line. The double-cross hybrid highest in pantothenic acid, 
111.201, has these three inbreds in its makeup. However, the panto- 
thenic acid content of the double-cross hybrids did not resemble as 
closely the pantothenic acid content of their components as was the 
case with niacin. Previous work (Hunt ef a/., 5) has shown that panto- 
thenic acid is influenced markedly by environmental factors which 
may mask some of the effects of hereditary factors. 


TABLE II 


NIACIN AND PANTOTHENIC AciD CONTENT OF SAMPLES FROM STUDY OF 
(Mc./100 G.—10% MOISTURE BASIS) 


Type of sample Niacin repens 

Inbred lines 51A! 2.20 0.59 
56A! 1.74 0.62 

40B! 95 0.60 

Single cross hybrids 51A X 56A 2.10 0.66 
F, generation 51A xX 40B 1.78 0.57 
40B X 56A 1.97 0.73 

Same, F2 generation 51A X 56A 2.01 0.76 
51A X 40B 1.74 0.63 

40B X 56A 1.65 0.68 

Back crosses (51A * 56A) (51A) 2.15 0.66 
(SiA X 56A) (56A) 1.95 0.77 

(SiA 40B) (51A) 2.01 0.56 

(S1A x 40B) (40B) 1.34 0.60 

(40B X 56A) (40B) 1.49 0.75 

(40B < 56A) (56A) 1.85 0.85 

Three-way crosses (SiA X 56A) (40B) 2.06 0.63 
(S1A 40B) (56A) 2.15 0.69 

(40B X 56A) (51A) 2.26 0.59 

Double crosses (S1A < 56A) (40B x 56A) 1.88 0.88 
(S1A 40B) (51A 56A) 1.98 0.52 

(51A < 40B) (40B x 56A) 1.73 0.63 


151A, 56A, and 40B are all Ohio hybrids. 


The results of the analyses of the group of lines and various types 
of crosses organized for the study of heterozygosity are shown in 
Table II. The three inbred lines Oh51A, Oh56A, and Oh40B differed 
markedly in niacin content, while the variations in this vitamin are 
not so pronounced in the hybrids. The single crosses, both F; and F; 
generations, the three-way crosses, and the double crosses all had 
niacin values which appeared more closely related to Oh51A and 
OhS6A than to Oh40B. The single crosses F; generation had slightly 
higher niacin than the F, generation. ‘The back crosses with Oh51A 
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and Oh5S6A also were similar to these lines in niacin content, whereas 
those with Oh40B showed a lowering of niacin, though neither was as 
low as the inbred itself. With the exception of the three-way cross, 
in which OhS51A was one parent, the niacin values of the hybrids all 
fell between the limits established by Oh51A and Oh40B, the highest 
and lowest inbreds, respectively. 


TABLE III 


NIACIN AND PANTOTHENIC AciD CONTENT OF SINGLE Cross CorN Hysrips 
(MG./100 G.—10% MOISTURE BASIS) 


Inbred ILA A153 A158 
Cee Niacin Come Niacin Niacin 
A153 1.94 0.54 ILA 1.94 0.54 ILA 2.21 0.41 
A158 ane 0.41 A158 2.22 0.40 A153 2.22 0.40 
WR3 2.16 0.50 WR3 1.90 0.54 WR3 2.66 0.22 
W3 2.56 0.38 W3 2.47 0.32 W3 2.66 0.27 
W22 2.20 0.46 W22 2.21 0.32 W22 2.22 0.23 
Oh51A 2.29 0.45 OhS1A 2.03 0.23 OhS1A 2.61 0.25 
B8 2.39 0.41 B8 2.49 0.31 B8 2.59 0.31 
B9 1.13 0.43 B9 1.62 0.29 B9 1.89 0.34 
Mean 2.11 0.45 Mean 2.11 0.37 Mean 2.38 0.30 

Inbred WR3 W3 W22 
ILA 2.16 0.50 ILA 2.56 0.38 ILA 2.20 0.46 
A153 1.90 0.54 A153 2.47 0.32 A153 2.21 0.32 
A158 2.66 0.22 A158 2.66 0.27 A158 2.48 0.23 
W3 2.09 0.37 WR3 2.09 0.37 WR3 2.38 0.34 
W22 2.38 0.34 W22 3.04 0.29 W3 3.04 0.29 
Oh51A 2.10 0.41 OhS51A 2.70 0.32 Oh51A 2.46 0.30 
B8& 2.58 0.32 B8 3.04 0.42 B8& 0.28 
B9 1.74 0.36 B9 1.94 0.31 B9 1.99 0.40 
Mean 2.20 0.38 Mean 2.56 0.34 Mean 2.45 0.33 

Inbred OhS1A B8 B9 
ILA 2.29 0.45 ILA 2.39 0.41 Ill.A 1.13 0.43 
A153 2.03 0.23 A153 2.49 0.31 A153 1.62 0.29 
A158 2.61 0.25 A158 2.59 0.31 A158 1.89 0.34 
WR3 2.10 0.41 WR3 2.58 0.32 WR3 1.74 0.36 
W3 2.70 0.32 W3 3.04 0.42 W3 1.94 0.31 
W22 2.46 0.30 W22 3.11 0.28 W22 1.99 0.40 
B8& 2.74 0.41 Oh51A 2.74 0.41 OhS1A 2.02 0.32 
B9 2.02 0.32 B9 2.49 0.40 B8& 4.40 0.40 
Mean 2.37 0.34 Mean 2.63 0.36 Mean 1.81 0.36 


The pantothenic acid content of the three inbred lines was nearly 
the same. The range of pantothenic acid values for the whole study 
was not as wide as the range of niacin values. Several hybrids yielded 
higher pantothenic acid than did the inbred lines, and variations were 
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more pronounced among the hybrids than among the lines. In these 
respects pantothenic acid differed from niacin. The line Oh56A 
seemed responsible for highest pantothenic acid, Oh40B intermediate, 
and OhS1A for lowest pantothenic acid in back crosses, three-way 
crosses, and double crosses. The highest pantothenic acid value 
obtained was in the double-cross hybrid in which Oh56A appeared 
twice ; the lowest value was in the double-cross hybrid in which Oh51A 
appeared twice. 

Table III shows the niacin and pantothenic acid content of the 
early, uniform single-cross hybrids. ‘These data are arranged so that 
each inbred appears as a common parent crossed with eight other 
inbred lines. The data were analyzed statistically according to the 
following procedure: Group comparisons were made for each inbred 
line with each other inbred line by omitting, in each two groups, the 
single-cross hybrid containing the two lines which were being compared. 
For example, in the two groups which compared the effect of lines 
Ill.A and A153, the single cross IIl.A & A153 was omitted. The re- 
sults of the statistical analysis are shown in Tables IV and V. 


TABLE IV 
EFFECT OF INBRED LINES ON NIACIN CONTENT OF SINGLE Cross HyBrIpDs 


Line B8 higher than W3, W22, A158, Oh51A, WR3*, II1.A*, A153**, B9** 
Line W3 higher than W22, A158, Oh51A, WR3, III.A*, A153*, B9** 

Line W22 higher than A158, Oh51A, WR3, III.A, A153, B9** 

Line A158 higher than Oh51A, WR3, IIIA, A153, B9** 

Line Oh51A higher than WR3, IIl.A, A153, B9** 

Line WR3 higher than III].A, A153, B9** 

Line III.A higher than B9** (same as A153) 

Line A153 higher than B9** 

Line B9 lower than all other lines 


* Significant. 
** Highly significant. 


TABLE V 


EFFECT OF INBRED LINES ON PANTOTHENIC ACID CONTENT OF 
SINGLE Cross HyBrRIps 


Line II1.A higher than WR3, A153*, B8**, B9**, Oh51A**, W3**, W22**, A158** 
Line WR3 higher than A153, B8, B9, Oh51A, W3, W22, A158* 

Line A153 higher than B8, B9, Oh51A, W3, W22, A158 

Line B8 higher than Oh51A, W3, W22, A158 (same as B9) 

Line B9 higher than Oh51A, W3, W22, A158 

Line Oh51A higher than W22, A158 (same as W3) 

Line W3 higher than W22, A158 

Line W22 higher than A158 

Line A158 lower than all other lines 


* Significant. 
** Highly significant. 


The line B8 as the common parent produced single-cross hybrids 
having the highest niacin content. This effect was significant when 
compared with IIl.A and WR3 and highly significant when compared 
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with B9 and A153. Hybrids containing B9 assayed lowest in niacin; 
the difference between B9 and each other line was highly significant. 
The single cross B8 K W22 contained the highest niacin (3.11 mg./100 
g.) and B9 &X III.A contained the lowest (1.13 mg.). 

The line Ill.A as the common parent produced single-cross hybrids 
having the highest pantothenic acid content. This effect was sig- 
nificant when compared with A153 and highly significant when com- 
pared with B8, B9, 51A, W3, W22, and A158. Hybrids containing 
A158 assayed the lowest in pantothenic acid. The difference between 
A158 and the other lines was significant with WR3 and highly sig- 
nificant with IIl.A. The single crosses A153 X IIl.A and WR3 
xX A153 contained 0.54 mg. per 100 g., the highest pantothenic acid 
value; the lowest value, 0.22 mg. per 100 g., was found in the single 
cross WR3 X A158. 

In the analysis of uniform single-cross hybrids, both niacin and 
pantothenic acid were influenced definitely by hereditary factors. 
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EFFECT OF BENTONITE ON LOAF VOLUME AND WEIGHT 
OF HARD AND SOFT WHEAT BREAD! 


NETTIE C. ESSELBAUGH ? 


ABSTRACT 


The responses of a soft and a hard wheat flour to naturally occurring 
bentonite (Volclay, B. C. Dust) as it affects loaf volume and weight were 
investigated. Both the straight dough and sponge and dough processes of 
making bread were used. 

The loaf volume of breads made from a hard wheat flour progressively 
increased as the amounts of bentonite were increased up to 0.8 or 1.0%. 
These breads compared favorably in color and texture with bread containing 
2 mg. % potassium bromate. On the other hand, loaf volume decreased 
with increasing amounts of bentonite when a soft whole wheat flour was 
used in the straight dough process. 

The observed increase in loaf volume is not due to any action of the 
bentonite on the yeast. A bentonite-treated yeast suspension produced a 
loaf which was smaller than the control. 

The weight of the loaf tended to show a slight increase as the content 
of bentonite increased. This is no doubt due to a slightly higher water 
content. 


Different theories, supported by experimental observation, have 
been advanced in an effort to understand the beneficial effects of cer- 
tain oxidizing compounds on the texture and loaf volume of bread. 
The mechanism by which these flour improvers may act has been ex- 
plained principally in two different ways, viz., the retardation of 
proteinase activity inherent in the flour and/or their action on certain 
reducing groups or bonds in the flour proteins or other dough ingre- 
dients. Hildebrand (5) has very ably reviewed the numerous reports 
in the literature on this subject. 

Earlier work by the present writer (4) indicated that the proteolytic 
activity of papain was retarded in the presence of bentonite (Volclay, 
B.C. Dust). Free titratable acidity in a gluten-papain suspension was 
increased 13 times above the initial value during an incubation period 
of four days compared to an increase of only seven times in the gluten- 
papain-bentonite suspension. Corresponding increases in the amino 
acid content (8) were six times for the gluten-papain suspension, 
four times for the gluten-papain-bentonite suspension. Could this 
inorganic material act as a proteinase inhibitor and hence a flour 
improver? The observations of Ensminger and Gieseking (2) de- 


1 Manuscript received January 14, 1944. 
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scribing the adsorption of proteins by montmorillonitic clays appeared 
further to justify raising this question. 

Observations on the effect of bentonite on the loaf volume and 
weight of both a hard and a soft wheat bread are reported. In addi- 
tion the total reduced nitrogen and total solids of the water extract, 
as well as the swelling capacity of the bread crumb made from a 
hard whole wheat flour, are given. 


Materials and Methods 


Breads with varying amounts of bentonite were prepared by both 
the straight dough and the 50% sponge and dough processes. Recog- 
nizing that differences in either the protein content or the proteolytic 
activity of flours, as well as the method of manipulation of the doughs, 
might influence any responses to the bentonite treatment, both soft 
wheat and hard wheat flours were used. 

Basic ingredients were: 


Straight Sponge and dough process 
dough process Sponge Dough 
Flour 100 100 
Nonfat milk solids 
Shortening (hydrogenated vegetable) 
Sodium chloride 
Yeast (compressed) 
Sucrose 
Water—amount for optimum absorption 
Bentonite—variable per cent based on 
the weight of the flour 
Potassium bromate—2 mg. % based on 
the weight of the flour (in only those 
mixes as indicated in the tables) 


| o 


Manipulation of Doughs: 


1. Straight dough process: The dough was punched every 5 
minutes for 20 minutes, given a 15-minute rest period, panned, 
proofed for another 65 minutes, and baked. 

2. Fifty per cent sponge and dough process: The sponge was fer- 
mented 3.5 hours at 36.5°C. + 1.5°, mixed with the dough 
ingredients, fermented for another 50 minutes, punched, given 
a 15-minute rest period, panned, proofed for 50 minutes, and 
baked. 


Doughs made from the above ingredients were mixed by a mechan- 
ical mixer, divided into halves, proofed at 36.5°C. + 1.5° in a constant 
temperature cabinet, and baked in a reel type oven at 232°C. (450°F.) 
for 23 minutes. One to two hours after removing from the oven, 
weight and volume of the separate loaves were observed. 
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Tests on Bread Crumb: 


1. Swelling capacity was determined by the technique of Cathcart 
and Luber (1) with slight modification. Tests were made on 
the 2-hour-old bread. 

2. Total water-soluble nitrogen—determined by the micro- 
Kjeldahl method on the water extract obtained from the swell- 
ing capacity test. 

3. Total solids of water-extract—aliquots of the centrifugate from 
the determination of the swelling capacity were air-dried at 
100°C. + 1° for 6 hours, cooled, and weighed. 


Results and Discussion 


With increasing increments of bentonite up to 0.8% of the flour 
used, loaf volume progressively increased with a hard wheat flour 
(Table 1). Even with 0.2% added bentonite a volume greater than 


TABLE I 
EFFECT OF BENTONITE ON LOAF VOLUME AND WEIGHT OF A HARD WHEAT BREAD! 
Straight dough process? Sponge and dough process 
Bentonite KBrOs 
(%) (mg. % Weight Volume Weight Volume 
(g.) (ml.) (g.) (ml.) 
-— — 159.0 532 160.8 462 
0.2 — 164.2 542 162.8 492 
0.4 — 163.5 617 158.5 520 
0.6 — 157.2 632 160.5 538 
0.8 — 170.0 710 163.2 545 
1.0 — — — 167.0 540 
-= 2.0 159.2 655 155.8 495 


1 Average values of duplicate loaves. 

? Bran removed with 40-mesh sieve. 
that for the control was obtained. Loaves were superior in. volume 
to that of the bromated breads (2 mg. % potassium bromate) with 0.6 
to 0.8% bentonite using the straight dough process; with 0.2 to 0.4% 
bentonite using the sponge and dough process. Loaf weight also 
increased. Furthermore, the crumb color, aroma, and texture of the 
breads with 0.6 to 1.0% bentonite compared favorably with the 
bromated breads (Fig. 1). With either method of fermentation the 
treated breads had thinner cell walls, lighter crumb, and lighter color 
than the controls (A-2 and B-1) which contained neither bentonite nor 
bromate. The volumes of the bentonite-treated bread (A-10 and B-11) 
were even greater than those of the bromated loaves (A-11 and B-13). 

The effect of bentonite on the soft whole wheat flour was opposite 
to that observed with the hard wheat flour: a decrease in loaf volume 
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with the former, an increase in the latter (Table II). Cell walls of the 
crumb of the bread made from the soft whole wheat flour were thick, 
heavy, and of a coarse texture. 


Fig. 1. Effect of bentonite on loaf volume and texture using a hard wheat flour. 
A. Straight dough process 
Loaf 2—Control, no bentonite or bromate 


Loaf 10—0.8% bentonite 
Loaf 11—2 mg. % bromate 
B. 50% sponge and dough 
Loaf 1—Control, no bentonite or bromate 
Loaf 11—1.0% bentonite 
Loaf 13—2 mg. % bromate 


Evidence points toward retarded protein degradation in the ben- 
tonite-treated bread (Table III). In freshly baked breads made from 
a hard whole wheat flour, there was less reduced nitrogen in the water 
extract of the bentonite-treated breads than in either the bromated or 
control breads. Likewise, the total solids in the water extract of the 
bentonite-treated breads were less than either the bromated or control 
breads. 
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On the other hand, the swelling capacity of the bentonite-treated 
bread was higher than that of the others. Doughs to which increasing 
amounts of bentonite were added required increasing amounts of 
water to secure an optimum absorption of moisture. No doubt the 
large water-absorbing capacity of montmorillonitic clays explains not 
only the increased swelling capacity but also the increased weight of 
the loaves containing bentonite. 


TABLE II 


ErFect OF BENTONITE ON LOAF VOLUME AND WEIGHT 
AS INFLUENCED BY QUALITY OF FLOUR PROTEIN 


Straight dough process! 
Bentonite Soft whole wheat flour Hard wheat flour? 
%) 
Weight Volume Weight Volume 

(g.) (ml.) (g.) (ml.) 
oo 144.0 348 159.0 532 
0.2 146.0 322 164.2 542 
0.4 147.0 350 163.5 618 
0.6 148.0 280 157.2 632 
0.8 138.0 262 170.0 710 


1 Average values of duplicate loaves. 
? Bran removed with 40-mesh sieve. 


TABLE III 


ToTtaL NITROGEN AND SOLIDS OF THE WATER EXTRACT AND THE 
SWELLING CAPACITY OF BREAD CRUMB MADE FROM A 
HARD WHOLE WHEAT FLouR ! 


Water-soluble Total solids of Swelling 
Treatment nitrogen water extract? capacity? 
(mg. %) (g.) (ml.) 
Control 225.7 8.8 286.7 
KBrO; 220.5 8.8 238.0 
2 mg. % 
Bentonite 
04% 206.5 7.8 292.2 
0.8% 181.8 7.6 346.3 


! Sponge and dough process. 
2? Per 100 g. bread crumb. 


However, these observations do not explain the difference in the 
response of the soft wheat and hard wheat flours to the added bentonite. 

To determine whether the favorable action of bentonite was on the 
yeast or the flour, bread leavened with bentonite-treated yeast was 
made from hard wheat flour. The yeast and 0.4% bentonite were 
intimately mixed with an electric mixer. 

Following refrigeration at 8°C. + 2° for 10 hours, the bentonite- 
yeast suspension was used in making bread by the sponge and dough 
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process. Yeast for the control and bromated breads was treated in the 
same manner except that no bentonite was added to the suspension. 
The loaf volumes were as follows: control loaves, 452 cc.; bromated 
loaves, 505 cc.; bentonite loaves, 392 cc. That the smaller loaf volume 
is due to the bentonite treatment of the yeast and not to injury of the 
yeast cells by the severe mechanical treatment is shown by the normal 
volumes of the control and bromated breads. Some constituent 
necessary for the metabolism of yeast may have been irreversibly 
adsorbed onto the clay during the 10 hours standing in the refrigerator. 
The work of Ensminger and Gieseking (3) indicates that as a protein 
molecule is adsorbed in an acid medium as a cation, the base exchange 
capacity of the bentonite is definitely reduced. In this way the clay 
may either have inactivated the yeast cells or have been rendered 
inactive itself in respect to its beneficial effects. 

In the slightly acid medium in which fermentation of the bread 
doughs occurs, it is probable that ‘‘powerful but latent”’ proteinases (6), 
or some of the flour proteins, are positively charged. As such, and 
acting as cations, they might be adsorbed onto the negatively charged 
bentonite. If the labile radical of a proteinase was thus removed from 
the field of activity, its proteolytic action on the flour proteins would 
be retarded. 

If similar reasoning is applied to the flour proteins they should be 
less subject to proteolytic attack or their stability increased toward 
reducing agents inherent in fermenting dough. The work of Olcott, 
Sapirstein, and Blish (7) would appear to support this last theory. 
On the other hand, the beneficial effect may result from the adsorp- 
tion of reducing groups formed during the mixing and fermentation. 

However, the foregoing assumptions fail to account for the re- 
sponse of the soft whole wheat flour to bentonite. It is possible that 
these observations can be explained by a greater degree of solvation of 
the flour proteins, due to the large water-binding capacity of bentonite. 
The extent of solvation might have produced an optimum elasticity 
in the hard wheat flour but was too great for the soft wheat flour. 
This would result in a weakened flour protein and a smaller loaf of 
bread for the soft wheat flour. 
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A NOTE ON THE EFFECT OF CHLORINE-SUBSTITUTED 
PHENOXY COMPOUNDS ON THE MILLING AND BAKING 
QUALITY OF HARD RED SPRING WHEAT '! 


L. D. Srpsitt and R. H. Harris ? 
ABSTRACT 


The work described shows that application of the acetate, triethyl 
amine, and butyl ester of 2,4-dichlorophenoxyacetic acid to wheat plants 
at different stages of growth did not impair milling and baking quality. 
There was some evidence that the protein content and baking quality were 
improved by some of the treatments. 


Organic substances possessing growth-promoting activity are be- 
coming increasingly important in the field of plant research (2, 3). 
With the discovery of the selective action of the different compounds 
emphasis has become concentrated on weed-killing action. Since 1934 
more than one thousand derivatives of phenoxy acetic acid and similar 
substances have been tested as growth regulators or weed killers. 

The purpose of this preliminary study was to ascertain if any harm- 
ful effects upon milling and baking quality would result from the use 
of 2,4-dichlorophenoxy compounds on growing wheat. Five varieties 
of hard red spring wheat were included in the present inquiry. Appli- 
cations of three 2,4-dichlorophenoxy compounds were made when the 
plants were at the tiller stage in one experiment. In a second experi- 
ment the compounds were added at four different stages of plant 
growth of one wheat variety only. The wheat was planted on weed- 
free, hand-cultivated plots, consisting of three 18-foot rows 12 inches 
apart, and replicated four times. Sixteen feet of the center row of 
each plot was used for this study. The compounds were added in 
aqueous solution adjusted to yield one pound of acid equivalent per 
acre. The wheat harvested from these plots was milled and baked by 
micro methods (1) and the wheat protein content ascertained (Kjel- 
dahl-Gunning method). 


1 Manuscript received April 19, 1948. 
? North Dakota Agricultural Experiment Station, Fargo, North Dakota. 
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The data and tentative conclusions secured from this study are 
presented in this note. 

Table I shows the mean results obtained from the five wheat 
varieties from the plots treatéd with the three phenoxy compounds 
noted. These compounds appeared to affect all the five varieties in 

TABLE I 
Errect OF THREE PHENOXY COMPOUNDS ON MILLING AND BAKING QUALITY 


Treatment ! Protein content Flour yield Loaf volume Crumb color 
% % ce. 
A 14.9 68.8 172 7.1 
B 14.8 69.1 173 7.1 
3.5 68.1 183 
D 15.5 68.3 191 re 
1A = No treatment. 
B = Sodium 2,4-dichlorophenoxy acetate. 
C = 2,4-dichlorophenoxytriethylamine. 
D = Buty! ester of 2,4-dichlorophenoxyacetic acid. 


the same manner regarding milling and baking quality; therefore the 
original data are not shown. 

Treatments with 2,4-dichlorophenoxytriethylamine and the butyl 
ester of 2,4-dichlorophenoxyacetic acid increased the protein content 
approximately 0.69%; the loaf volume was also slightly increased. 
The other two criteria of quality were not affected by the treatments. 
The sodium salt had no effect. 

The results from the treatment at different growth stages are shown 
in Table |1. ‘These data are means of results obtained by applications 


TABLE II 


EFFECT OF STAGE OF APPLICATION OF THREE PHENOXY COMPOUNDS 
ON MILLING AND BAKING QUALITY 


Stage Protein content Flour yield Loaf volume Crumb color 
% % cc 
Control 15.1 71.3 175 8.0 
Tiller 15.7 71.1 188 8.5 
Boot 15.9 70.2 148 7.8 
Bloom 16.2 70.8 168 8.0 
Soft dough 15.3 41.3 157 8.0 


of the three compounds listed in Table | with one wheat variety 
(Mida). Application at the tiller stage increased protein content and 
loaf volume in a comparable manner with the results shown in Table I]; 
however, in this instance loaf crumb color was improved. Treatment 
at the bloom stage increased protein content most, but had no effect 
on loaf volume. Application at the boot stage produced 0.8% more 
protein than the control, but yielded the lowest loaf volume. 
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Application of the phenoxy compounds to wheat during the various 
growth stages had no effect on the mixogram pattern. 
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BOOK REVIEW 


On the Structure of the Protein Molecule. A Chemical Investigation. By N. 
Trénsegaard. Second edition. 124 pp. Einar Munkgaard, Copenhagen, Den- 
mark, publisher; G. E. Stechert and Co., 31-37 East Tenth Street, New York 
City. 1944. Price $4.50. 


The author has for some years been convinced that at least the globular proteins 
possess properties which are not consistent with a structure of long polypeptide 
chains. He points out that the customary hydrolysis to the constituent amino acids 
is a drastic treatment; consequently he resorts to a mild reduction with sodium in 
amyl alcohol as a means of stabilizing the linkages before a mild hydrolysis to ob- 
tain the protein fragments. He has identified isoamyl amine and several hetero- 
cyclic rings containing nitrogen among the products obtained; certain other fractions 
have been isolated and analyzed in the form of their platinic chloride salts. Among 
the proteins studied are wheat gliadin and the albumin, globulin, and globin fractions 
of horse serum. 

This monograph is a summary of his findings over a period of some twenty years. 
From these he is led to postulate that the most characteristic feature of the structure 
of proteins consists of heterocyclic subunits of essentially the same elementary 
composition; these units are linked together by short aliphatic chains. His picture 
has something in common with the Wrinch cyclol theory and with Abderhalden’s 
diketopiperazine postulate. Trénsegaard’s conclusions are not the currently ac- 
cepted views; nevertheless he has done considerable careful analytical work which 
must be considered in formulating any theory of protein structure. For this reason 
the book is recommended to anyone concerned with this still unsettled problem. 


W. M. SANDSTROM 
Division of Agricultural Biochemistry 
University Farm, St. Paul, Minnesota 
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SUGGESTIONS TO AUTHORS 


General. From January 1, 1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only,‘and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Cereal Chemistry” (Trans. Am. Assoc. Cereal 
Chem. 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 8} by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows ‘‘Manuscript received . . .” 
and the name and address of the author's institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors’ names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I-CCIX. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and literature 
cited. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for materi- 
als and methods, and for results, under each section. Center headings are used for 
main sections and italicized run-in headings for subsections, and headings should be 
restricted to these two types only. 

Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer- 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side headings should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE I)” in the appropriate 
place between lines of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts- 
man. Traditional layouts should be followed: the horizontal axis should be used for 
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the independent variable; curves should be drawn heaviest, axes or frame intermedi- 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or blue-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be 7s to jth inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc- 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. ‘Preparation of Illustrations and Tables” 
(Trans. Am. Assoc. Cereal Chem. 3: 69-104. 1945) amplifies these notes. 

Text. Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skillful 
use of headings and topic sentences are the greatest aids to clarity. Clear phrasing 
is simplified by writing short sentences, using direct statements and active verbs, and 
preferring the concrete to the abstract, the specific to the general, and the definite to 
the vague. Trite circumlocutions and useless modifiers are the main causes of verbos- 
ity; they should be removed by repeated editing of drafts. 

Editorial Style. A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. A few points which 
authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than ‘‘per cent” is used following figures. All units are abbrevi- 
ated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10°C.). Place 0 before the decimal point for correlation co- 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention.are no longer 
required. Type fractions on one line if possible, e.g., A/(B + C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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Cereal foods 


Other 
Special Markets Division 
Products 
OXYLITE*, An Improved Flour 
Bleaching Agent. 


TRIDEE*, brand of vitamin Ds 
derived from 7-dehydrocholeste- 
rol for fortification of animal 
feeds. 


DELTAXIN"’, brand of calciferol, 
pure crystalline vitamin De, for 
fortification of fluid milk and 
other food products. 


CRYSTALLINE VITAMIN D3, for 


fortification of evaporated milk. 
ASCORBIC ACID, to retard brown- 
ing, retain flavor of frozen fruits. 
. 
Pure Crystalline Vitamins 
in Bulk 
Vitamin B,; 
(Thiamine Hydrochloride) 
Vitamin Bz 
(Riboflavin) 
Niacin 
Niacinamide 
Calcium Pantothenate 
Vitamin Bg 
(Pyridoxine) 


AMINO ACIDS 


The purpose of enrichment is “to correct 
major faults in many American diets, namely, 
inadequacy in thiamine, riboflavin, niacin and 
iron.”’ (BREAD and FLOUR ENRICHMENT, 1946-47, 
Prepared by the Committee on Cereals, Food and Nutrition 
Board, National Research Council.) 

American bakers and millers make a substantial 
contribution toward safeguarding the health of 
the nation by enriching cereal foods. 

For easy, accurate and economical enrichment, 
Winthrop-Stearns offers two proven products 
with industry-wide acceptance: 


B-E-T-S*, the pioneer enrichment tablet, has 
ferrous sulfate, a re assimilable form of food 
iron, as an exclusive feature. 


VextraM*, the original starch base enrichment 
mixture, gives minimum increases of ash con- 
tent, disperses uniformly. 


Special Markets—Industrial Division 


WINTHROP-STEARNS Inc. 
iN 170 Varick Street, New York 13, N. Y. 


@Stocked for quick delivery: Rensselaer (N. Y.), 
Buffalo, Chicago, Kansas City (Mo.), St. Louis, 
Denver, Minneapolis, Los Angeles, San Francisco, 
Portland (Ore.), Dallas and Atlanta. 


*Trade Mark Reg. U. S. Pat. Off. 


Fes @ 
| 
eg 


HELLIGE COMPARATORS 


FOR THE DETERMINATION OF 


ALPHA-AMYLASE* 


Hellige Color Dise No. 6205-5 contains 
a glass color standord representing the 
end point color when the hydrolyzate- 

iodine color is viewed in a 13 mm EMPLOYING 
square comporator tube. 

Replacement of the Alpho-Amylase NON+FADING 
color disc by one with other standards 
permits use of the com- 
parator for pH Control (pH 

range 0.2 to 13.6), for GLASS COLOR 
determinations of the 
Color of Beer and Whis- 

key, for Water Analysis, STANDARDS 
as well as for many other 
colorimetric tests. 


* Sutton Redfern (The Fleischmann Laboratories, Stondard Brands Inc. N. Y.), WRITE FOR PRICE 
Methods for Determination of Alpha-Amylase. Cereal Chemistry, 24, 259 (1947). LIST No. 605-S5 


HEADQUARTERS FOR COLOR STANDARDS AND COLORIMETRIC APPARATUS 


NOw 


Complete sets of Cereal Chemistry back issues 
and unbound volumes 
COMPLETE SETS 


SINGLE VOLUMES 


Foreign mailing $0.50 per volume extra 


SINGLE ISSUES (when in sufficient supply) 


INDEXES 

Volumes I-X (1924-1933) $2.00 


Subscription rate per year—$6.00. Foreign Mailing $0.50 extra 
Order from: 
CEREAL CHEMISTRY 
University Farm 
St. Paul 1, Minnesota 
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a healthier generation 


A new generation of Americans is growing 
to maturity—healthy, husky, and alert! 
They are the children of the new enrich- 
ment age, wherein full, balanced nutri- 
tion is an important consideration. 
Bread, always the staff of life, is the 
keystone of this new emphasis on im- 
proved nutrition. The American house- 
wife has learned to read labels and wrap- 
pers carefully for assurance that her 
family’s food will provide the vitamins, 
minerals, and calories necessary to buoy- 
ant health. Now, as never before, bread 


MERCK ENRICHMENT PRODUCTS 


Merck provides an outstanding service for the milling, baking, cereal, and macaroni industries. 


Merck Enrichment Ingredients 


Merck Vitamin Mixtures for Flour 
Enrichment 


Merck Bread-Enrichment Wafers 


—enriched bread—is the preferred family 
food. 

As the foremost manufacturer of pure 
vitamins and minerals, Merck has served 
as a central and dependable source of en- 
richment products. Backed by thorough 
experience, extensive resources, and rap- 
idly expanding production facilities, 
Merck will continue to serve the baking 
and milling fields and other branches of 
the food industry eager to incorporate 
decisive nutritional advantages into their 
products. 


Merck Vitamin Mixtures for Corn- 
Products Enrichment 


Merck Vitamin Mixtures and Wafers 
for Macaroni Enrichment 


MERCK ENRICHMENT PRODUCTS | 
FOR THE FOOD INDUSTRY 


MERCK & CO., Inc. Manufacturing Chemists NJ. 


New York, N. Y. + Philadelphia, Pa. - St. Louis, Mo. + Chicago, Ill. + Elkton, Va. 
Los Angeles, Calif. - In Canada: MERCK & CO., Ltd., Montreal - Toronto - Valleyfield | 
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742 BOARD OF TRADE * KANSAS CITY 6, MO, 
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> 
CRUDE 
FIBER 
ASSEMBLIES 


Uses Improved 
Sargent Hot Plate 


“7 


© Minimizes “Foaming 


e Is Adaptable for 
Soxhlet Assemblies 


@ This apparatus has been designed to permit any number of crude fiber determina- 
tions, up to six, to be carried out, simultaneously or progressively. This is accom- 
plished by having six individually controlled hot plates and a condenser system which 
allows the beakers to be removed from or replaced on the hot plate without inter- 
fering with the flow of the coolant. 

The new crude fiber assembly consists of: the improved Sargent six place, indi- 
vidually controlled hot plate, tapped to receive seven support rods; Seven stainless 
chrome steel rods 27” x 42” (% x 16 thread); Six 600 ML, high form Pyrex beakers, 
without pourout; Six new Sargent reflexed hemisphere condensers, designed to mini- 
mize “foaming” by causing the condensate to flow down the sides of the beaker 
instead of dropping directly into the refluxing mixture; Rubber tubing to make 
connections. 


S-31870—-CRUDE FIBER ASSEMBLY —Six place, — Sargent 115 volt AC/ 


$-31871—DITTO but with S-41325 hot 
plate for 230 volt AC/DC circuits $125.00 
Note:—The improved Sargent six place 

hot plate is available alone— 
$-41315 — Hot plate Sargent six-place, 
electric, for 115 vole AC/DC 


$85.00 
$-41325—DITTO, but for 230 volt AC/DC 


— or asadapted for extraction with large, 
medium and small Soxhlet assemblies. 
$-31765—Extraction Assembly, six place, 
electric for large or medium Soxhlet 
Assemblies 115 vole AC/DC circuits 


consisting of: One S-41315 hot plate; 
Seven stainless chrome steel rods 27” x 
14"; Twelve clamps, new type, Sargent 
spring, rubber covered, for large an 

medium Soxhlet Assemblies. Less Glass- 


$-31766—DITTO, but for 230 volt AC/DC 
$120.00 


$-31767—DITTO, but with clamps for small 
Soxhlet Assemblies 115 vole AC/DC cir- 


$-31768—DITTO, but with clamps for small 
Soxhlet Assemblies, 230 volt AC/DC cir- 


E. H. SARGENT & COMPANY, 155-165 E. Superior Street, Chicago 11, Illinois 


Michigan Division: 1959 East Jefferson, Detroit 7, Michigan 
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WABE. 
Sci LABORATORY Terr cas 


HIS powerful mixer, rotating at 
speeds up to 15,000 rpm, rapid- 
ly disintegrates, grinds and mixes 
many substances. Its use is indis- 
pensable in the laboratory for en- 
zyme and bacteria production—food- 


stuff and medicinal preparation— 1. High-powered motor 


vitamin extraction—tissue disinte- (between 14 and 14 : 
gration—rubber, wax and resin emul- h.p.) with self- 

sihcation—pigment a piastics time lubricated 
grinding—and for the dispersion of bearings. 


many other materials. The lobular 2. Dynamic balancing 


shape of the container assures max- with rubber 
mounting reduces 


imum blending. Available from vibration. 
Cenco stocks. 3. Fan governor auto- 
matically regu- 


No. 17231 Waring Blendor for 115 lates speed. 
4. Blending assembly 


volts, 25-60 Cycles, AC or DC 


(f NO Apparatus 


4790 IRVING PARK ROAD. CHICAGO 13 
IGOSTON “SAN FRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL 
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Help with your leavening problems 


Your inquiries on leavening and other phases of food and cereal chemistry 
will receive the careful attention of experienced technicians in Monsanto's 
kitchen-test laboratories. They will assist you with any problems involving 
food-grade phosphoric acid and phosphates—derived from Monsanto's ele- 
mental phosphorus of better than 99.9% purity. 


There is no obligation. For technical information, laboratory recommenda- 
tions or samples, contact any Monsanto District Sales Office or write to 
MONSANTO CHEMICAL COMPANY, Phosphate Division, 1700 South Second 
Street, St. Louis 4, Missouri. District Sales Offices: \I 
New York, Chicago, Boston, Detroit, Charlotte, Bir- ————___—_ 
mingham, Los Angeles, San Francisco, Seattle. In MONSANTO 


Canada: Monsanto (Canada) Ltd., Montreal. CHEMICALS 
SERVING INDUSTRY ...WHICH SERVES MANKIND | 


Now Available 


... the fifth edition of the A.A.C.C. book of methods... 


CEREAL LABORATORY 
METHODS 


Completely Revised 


and with 
New Sections On 
Experimental Malting Vitamin Assay Methods 


Sanitation Methods 
Price $4.50 


Order from American Association of Cereal Chemists, 
University Farm, St. Paul 1, Minnesota 
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WHY SLOW-ACTING 


*. PHOSPHATE 


‘makes a better 
self-rising 
pancake flour! 


The griddle performance of all pancake flour 
%, 
depends largely upon the leavening acid. The ee Ce 
uniform, delayed action of V-90 produces a light, 
frothy batter, closely resembling that devel- 
oped by a yeast raised pancake batter. Thou- 
sands of tiny gas bubbles are entrapped in the 
batter. The instant this frothy V-90 batter is 
placed on the griddle the heat causes the tiny 
bubbles of gas to expand until the dough is 
“set’’ or cooked. 


Because the V-90 pancake is completely leav- 
ened before baking out, it is honeycombed with 
tissue-thin cell walls. ‘Blow’ holes and dense 
doughy areas, characteristic of an ordinary 
pancake, are completely eliminated. No 
wonder a V-90 pancake looks so good, 
tastes so good, and is so easily digested. 


VICTOR CHEMICAL WORKS 
141 W. Jackson Boulevard, Chicago 4, Ill. 


*Coated Anhydrous Monocalcium Phosphate 
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OVEN 


COMMERCIAL. ‘TEST BAKING 


The “Baker Boy” 4, the smallest standard size of the Despatch 
“Baker Boy” line of bakery reel ovens, has proven itself ideal for 
laboratory use. It enables you to make test runs under‘ condi- 
tions identical with those in a commercial retail bakery. It gives 
you valuable comparisons with test bakes in your laboratory ovens. 
Capacity of the “Baker Boy” 4 is 40 1-lb. loaves, 32 114-lb. loaves, 
or 24 9-inch pies. It is 48’’ wide, 66” deep, 75’’ high. Tempera- 
ture range from 200 to 550 degrees, with accurate thermostat con- 
trol. Sturdily built with finest insulation, the oven is very eco- 
nomical and the outer surface is 
Qespatth always cool. Controlled venti- 

lation prevents fumes, smoke 

LABORATORY OVENS | and heat from entering labora- 
Stationary Hearth Ovens « Laboratory = © tory when door is opened. Gas, 
Test Ovens Moisture Ovens  olectric or oil fired ovens avail- 


tional Baking Ovens Reel Ovens 
nese saa Ovens able. Write for literature 


WRITE TODAY 
= a PATCH FOR DETAILS 


OVEN COMPANY minneapouis” AND PRICES! 
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EVERYONE 
LIKES 
SERVICE 


| Sure—we all like service—even need it badly at 
times—not just lip service but real honest-to-goodness, 
practical answers to our problems. To fill this need in 
the flour and cereal industry, NA’s Flour Service Divi- 
sion, working in close cooperation with your own staff 
and consultants, offers you a team of time-tested prod- 
ucts in bleaching, aging, and enriching, combined with 
hard hitting research facilities and an expert field or- 
ganization. 


This winning combination backed by over twenty- 
five years’ experience brings individual study to your 


‘problems for concrete, workable, answers. 
For details on NA’s Flour Service Divi- 
sion and how it can work profitably for you, 


call yournearest W&T Representative today. 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR _. 
—— 
NOVADEL-AGENE 


BELLEVILLE 9. NEW JERSEY 


NA-24 
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OVEN 


® Dependable All-Electric 
Operation 


® Fully enclosed for dirt 
protection 


@ Heat controls for all elements 


Newly styled for efficiency 
and appearance 


Despatch Rotary Test and Experimental Baking Ovens are used in food laboratories 
throughout the world. There’s nothing like a Despatch for test baking of breads, 
biscuits, cakes, pastries—and for production control uses. 


A solid heat condition is provided for best baking results. Years of expe- 
rience in the manufacture of electric heating ele- 
ments provide properly graduated heaters. Ar- 
rangement of the elements in the oven—below 
and above the rotary shelf—has been carefully 
calculated to give the utmost in temperature uni- 
formity. It is this scientific Despatch design that 
assures a more uniform temperature throughout 
the entire oven interior. Available in 12-24-48 

- 100 gram loaf capacities. See your dealer, or 
write direct for details. 


DESPATCH 


Established in 1902 


MINNEAPOLIS 14, 


MINNESOTA, U.S.A. 


Reliable Determination 
: 
Write For Illustrated Bulletin 
co. a 
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EVERYONE 
CiKES 
SERVICE 


Sure—we all like service—even need it badly at 
times—not just lip service but real honest-to-goodness, 
practical answers to our problems. To fill this need in 
the flour and cereal industry, NA’s Flour Service Divi- 
sion, working in close cooperation with your own staff 
and consultants, offers you a team of time-tested prod- 
ucts in bleaching, aging, and enriching, combined with 
hard hitting research facilities and an expert field or- 

ganization. 

This winning combination backed by over twenty- 
five years’ experience brings individual study to your 
problems for concrete, workable, answers. 

For details on NA’s Flour Service Divi- 


sion and how it can work profitably for you, CG» 
callyournearest W&T Representativetoday. 
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WALLACE & TIERNAN COMPANY, INC., AGENTS FOR - tor flows maturing 


NOVADEL-AGENE 


uniform enrichment 
SELLEVILLE 9, NEW JERSEY 
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